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I.   Observations  in  the  Alps  on  the  Optical  Phenomena  of  the 

Atmosphere.     By  Dr.  Hermann  Schlagintweit*. 

[With  a  Plate.] 

Deportment  of  the  atmosphere  towards  heat  and  light. 
Transmission  of  heat.  Pyrheliometer.  Difference  of  the  thermo- 
meter in  the  sun  and  in  the  shade.  Thermometer  ivith  blackened  bulb. 
Saussure's  heliothermometer .  'Nightly  radiation.  Transparency. 
Absorption  of  light  in  general.  Diaphanometer.  Transparency  of  the 
atmosphere  in  large  masses.  Optical  illusions  through  altered  transpa- 
rency. 

AMONG  the  optical  phpenomena  of  tlie  atmosphere,  those 
which  relate  to  its  colour  and  its  deportment  towards  the 
rays  of  light  and  heat  are  peculiarly  subject  to  alteration  with  the 
height.  The  investigation  of  this  subject  at  great  elevations,  as, 
for  instance,  in  the  higher  alpine  regions,  obtains  an  interest 
from  the  fact,  that  here,  in  regard  to  its  weight,  a  considerable 
portion  of  the  atmosphere  is  absent  f- 

The  experiments  on  the  intensity  of  heat  and  light  are,  how- 
ever, subject  to  so  many  accidents  and  disturbances,  that  in  the 
following  pages  we  must  sometimes  limit  ourselves  to  the  results 
of  single  experiments. 

Transmission  of  Heat. 

To  convince  ourselves  of  the  high  permeability  of  the  atmo- 
sphere with  regard  to  the  rays  of  heat,  we  made  use  of  one  of 

*  Extracted  from  the  Researches  on  the  Physical  Geography  of  the  Alps, 
by  Hermann  Schlagintweit  and  Adolph  Schlagintweit.  Leipzig.  T.  A. 
Barth,  1850. 

t  At  a  height  of  12,000  feet  the  loss,  in  this  respect,  amounts  to  0-37 ; 
at  14,500  feet,  to  0-44  of  the  entu-e  weight. 
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2  Dr.  II.  Schlagintweit's  Observatiom  in  the  Alps 

those  ingenious  instrunientswhich  have  been  devised  byPouillet*. 
The  construction  of  the  direct  Pyrheliometer  (Phite  I.  tig.  1)  is 
as  foHows  : — The  vessel  [an)  is  a  shallow  metallic  cylinder,  with 
a  blackened  surface  {b).  The  diameter  of  the  cylinder  is  1  deci- 
metre, and  its  height  1*5  centimetre;  it  can  therefore  contain 
150  grammes  of  water.  To  the  bottom  of  the  vessel  a  cylinder 
is  appended,  within  which  is  a  thermometer  held  fast  by  a  cork ; 
on  the  outside  of  this  cylinder  is  a  screw  (c),  by  means  of  which 
the  instrument  may  be  fastened  to  a  vertical  stick.  [In  this 
way  the  stand  recommended  by  Pouillet  was  superseded.]  The 
double  motion  of  the  screw  in  horizontal  and  vertical  direction 
enabled  us  to  place  the  instrument  so  that  the  sun's  rays  always 
fell  pei-])endicularly  upon  the  blackened  upper  surface.  Of  this 
we  convinced  ourselves  by  fixing  a  pasteboard  disc  {e)  of  the  same 
diameter  as  the  cylindrical  vessel  {aa),  near  the  end  of  the  ther- 
mometer. Allien  the  entire  disc  was  shaded  by  the  vessel  at  the 
other  endj  we  might  be  sure  that  the  rays  fell  perpendicularly 
upon  the  latter ;  and  by  this  arrangement  the  thermometer-tube 
is  protected  from  the  direct  action  of  the  sim.  The  bulb  of 
the  thermometer  is  contained  within  the  cylinder  {aa),  that  is  to 
say,  it  is  directed  upwards.  Were  the  air  completely  removed 
from  the  thermometer,  on  placing  it  in  this  position  the  mercury 
would  flow  downwards,  and  thus  render  the  reading  of  the  instru- 
ment impossible ;  but  a  small  quantity  of  air,  left  intentionally 
in  the  tube  during  its  preparation,  hindered  this  descent  of  the 
mercury,  without  however  invadmg  the  exactitude  of  the  results. 
To  impart  a  uniform  temperature  to  the  entire  mass  of  water, 
the  pyrheliometer,  during  the  experiment,  is  turned  round  its 
longer  axis ;  to  permit  of  this,  the  screw  (c)  must  not  be  made 
too  fast.  In  the  filling  of  the  insti^ument  great  care  nmst  be 
taken  that  no  air  remains  in  the  cylinder,  as  this  would  spread 
itself  between  the  water  and  the  upper  metallic  plate,  and  thus 
modify  the  quantity  of  heat  received  by  the  water. 

During  its  exposure  to  the  action  of  the  sun,  the  instrument 
loses  a  quantity  of  heat  by  contemporaneous  radiation  from  its 
surface.  This  source  of  disturbance  cannot  indeed  be  avoided, 
but  its  magnitude  may  be  determined,  by  observation,  for  each 
experiment.  The  procedure  is  as  follows : — The  vessel  is  fii'st 
filled  with  water,  to  which  time  is  given  to  assume  the  tempe- 
rature of  the  surrounding  air.  Tlie  instrument  is  then  brought 
into  the  vicinity  of  the  spot  where  it  is  intended  to  be  exposed 
to  the  action  of  the  sun,  and  so  placed  in  the  shade  that  its 

*  Memoire  sur  la  chaleur  solaire,  sur  les  pouvoirs  rajonnants  et  ab- 
sorbants  de  I'air  atmospheriqiie,et  sur  la  temperature  de  res])aee. — Comptes 
Rendus,  1838,  vol.  vii.  p.  24-()5.  Compare  also  Herschel's  actinometer, 
in  Kcemtz's  Treatise  on  Mineralogy,  vol.  iii.  p.  14. 
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blackened  surface  may  radiate  against  an  unclouded  portion  of 
the  sky.  After  somewhat  more  than  four  minutes,  the  surface 
is  covered  with  a  screen  and  directed  perpendicularly  against  the 
sun^s  rays.  At  the  end  of  the  fifth  minute  the  screen  is  removed, 
and  the  apparatus  is  permitted  to  remain  five  minutes  longer  in 
the  sun.  At  the  end  of  the  tenth  minute  it  is  again,  as  at  fi^rst, 
brought  into  the  shade  and  permitted  to  radiate  five  miiuites 
longer.  This  operation  can  be  often  repeated  if  necessary.  The 
two  quantities  which  are  here  to  be  made  use  of  are,  the  increase 
of  temperature  during  the  five  minutes'  exposure  to  the  sun,  and 
the  decrease  of  temjDerature  during  the  periods  of  radiation  im- 
mediately before  and  after;  the  arithraetical  mean  of  the  two 
latter  may  be  regarded  as  the  quantity  of  heat  lost  by  radiation 
during  the  five  minutes  in  the  sun.  The  action  of  the  sun  (/) 
alone  will  therefore  be 

where  T  represents  the  observed  temperatiu'c,  r  and  r'  the  amounts 
of  the  radiation  before  and  after. 

After  the  second  radiation  we  generally  placed  the  instrument 
once  more  in  the  sun,  and  afterwards  permitted  it  again  to  ra- 
diate ;  in  this  way  tvro  series  of  observations  were  obtained. 

To  secure  perfect  accuracy  in  the  experiments,  it  would  be 
desirable  that  the  temperature  of  the  air  during  the  time  occu- 
pied by  each  shoidd  remain  constant ;  for  any  inconstancy  in 
this  respect  would  be  accompanied  by  an  increased  or  diminished 
cooling.  But  in  experiments  which  occupy  fifteen  minutes  and 
upwards,  trifling  alterations  are  unavoidable;  by  taking  the 
arithmetic  mean,  however,  they  are  sufficiently  compensated. 

Of  the  experiments  with  the  pyrheliometer,  the  maxima  alone 
are  chosen  for  nearer  consideration ;  for  in  these  cases  only  is  it 
probable  that  no  turbidity  of  the  atmosphere  by  vapours,  fine 
veils  of  clouds,  &c.  takes  place.  In  making  such  experiments, 
deviations  in  the  transparency  are  often  recognised  which  are 
totally  inappreciable  with  the  telescope  or  with  the  naked  eyes, 
but  which  afterwards  announce  themselves  by  the  presence  of 
thin  clouds,  &c. 

In  the  observations  on  the  Johannishiitte  (7581  P.  F.),  the 
maxima  of  the  increase*  in  August  and  September  1848  were 
4*9  to  5°"2  C. ;  the  mean  height  of  the  barometer  at  the  time  of 
the  experiment  being  =571  millims.     All  the  obseiTations  were 

*  Under  '  increase '  is  here  to  be  understood  the  increase  of  temperature 

(r-|-r'\ 
-^—  )  added  to  it. 

B2 


10362 

5] 

2 

5" 

•8C. 

8^ 

•3C. 

6° 

•4C. 

10° 

•ic. 

7° 
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made  at  midday,  between  12  and  1  o'clock.  The  4tb  of  September 
1848,  on  wliicb  the  observations  on  the  Rachcrn  (10362  P.  F.) 
were  made,  seems  to  have  been  a  peculiarly  favourable  day.  It 
was  not  only  entirely  cloudless,  but  its  transparency,  whi-n  the 
distant  alps  were  observed,  was  very  striking ;  on  this  day  the 
diflference  between  the  sunned  and  shaded  thermometer  was  un- 
usually great. 

The  obsen'ations  on  the  Rachern  gave  as  follows : — 

Time  of  observation,  Sept.  4,  1848,  1^^  lO""  p.m.* 

Height  in  Parisian  feet 

Reduced  height  of  barometer  in  millimetres    . 

Temperature  of  the  air 

Temperature  of  the  water  at  the  commencement    . 
Temperature  after  five  minutes'  radiation   . 
Temperature  after  five  minutes'  exposure  to  the  sun 
Temperature  after  five  minutes'  further  radiation 

Increase  for  five  minutes  without  radiation      .     .         5°"75 

The  maximum  of  the  increase  obtained  by  Pouilletf,  after  the 
elimination  of  the  radiation,  was5"-l  C.  (Paris,  May  11, 1838,12*^), 

The  insolation  was  also  determined  by  obsciTations  made  w  ith 
two  thermometers ;  one  of  which  was  set  in  the  sun,  and  the 
other,  in  the  usual  manner,  in  the  shade.  Lambert  |,  Alexander 
von  Humboldt §,  De  Gasparin||,  and  Quetelet^,  have  pointed 
out  the  import  of  such  determinations,  and  the  two  latter  have 
applied  the  method  in  a  long  series  of  experiments. 

We  here  communicate  a  number  of  insolations  which  we  have 
had  opportunity  to  observe.  They  are  the  results  of  single  ex- 
periments; and  perhaps,  even  as  separate  phsenomena,  on  ac- 
count of  the  considerable  elevation  to  which  they  refer,  are 
desemnp:  of  some  attention. 


*  The  insolation  at  12  o'clock  might  be  taken  at  sonicthinor  over  58. 

t  For  the  limit  of  the  atmosphere,  the  observations  of  Pouillet  made  at 
different  hours  of  the  day  gave  6°-27  C.  If  ne  omit  to  compare  our  obser- 
vations with  those  of  Pouillet,  and  the  similar  ones  made  bv  Kajnitz  and 
Forbes  with  llerschel's  actinometer,  our  apology  is,  that  for  these  investi- 
gations numerous  observations  are  necessary,  as  the  single  obserA'ations  arc 
so  hable  to  thsturbances  from  the  altered  serenity  of  the  sky. 

X  Lambert,  Pyrometrie,  §  2S3;  Pkotometrie,\  SS6. 

§  Alexander  von  Humboldt,  De  Distribiitione  Plantarum,  1813,  p.  16/. 

II  De  Gasparrn,  Coiirs  d' Agriculture. 

\[  Quetelet,  Instruction  sur  Vobservation  des pMnomtnes periodiques,  and 
Sur  le  Climut  de  la  Belgique,  chap.  4.  1846.  From  the  Annales  de  I'Ob- 
servatoire  de  Bru-xelles. 
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A.  Insolations  on  the  summits  of  the  Alps  (1848). 


No. 

Location. 

Height  in 

Thermometer. 

Differ- 

feet.       j 

In  the  shade. 

In  the  sun. 

ence. 

1 
2 
3 
4 
5 
6 

7 

8 

9 

10 
11 
12 

Grossglockner 

12,158 
10,432 
10,432 
10,362 
10,362 
10,362 
10,340 

/Aug.  29.1 
1  li-  p.m.   / 
/Aug.  29.1 
12'>p.m.   / 
/Aug.  29.1 
1  SI- p.m.   1 
/Sept  4.   1 
11"  p.m.   / 
/Sept.  4.1 
12'' p.m.    i 
f  Sept.  4.  1 
13>.m.   J 
/  Sept.  1.  1 

3-8 
10-2 
91 
5-8 
4-2 
3-9 
4-4 

3-8 

5-4 

14-5 

17-4 
181 

4-9 
15-9 
115 

5-9 
4-5 

1-7 

2-4 
0-8 
1-7 
O-fi 

Adiersruhe  

Adlersruhe  

Rachern  

Rachern  

Rachern  

Todtenlocher  

6  9            25 

Neve  region  of  the  1 
Pasterze  above  the  I 
Buigstall  rocks...  ) 
Pasterze,    on    the  1 
foot  of  the  great  l 
Burgstall J 

Wallnerhiitte  

,  Li-p.m.  J 

8,236     [^^V^l] 
6,510     /^."S-^^-1 

5-6 

9-5 
18-6 

1-8 

41 
41 

Gossnitz  

5,796 
4,697 

L:i"p.m.  J 
/Aug.  22.1 
1  IP  a.m./ 
/Aug.  20.1 
19'' a.m.   J 

23-5 
19-4 

61 
1-3 

Georgenstein  

B.  Insolations  on  JohannishUtte  (7581  P.  F.). 


Hour. 

Shaded. 

In  the  sun. 

Increase  in 
the  sun. 

Hour. 

Shaded. 

In  the  sun. 

Increase  in 
the  sun. 

h 

h 

7  a.m. 

-10 

+1-5 

2-5 

1  p.m. 

10-4 

12-1 

1-7 

+6-4 

8-5 

21 

91 

15-2 

61 

8 

9-5 

12-2 

27 

2 

5-4 

9-5 

41 

4-6 

9-4 

4-8 

120 

12-4 

0-4 

8-7 

11-5 

2-8 

9 

5-8 

7-9 

21 

3 

110 

140 

30 

61 

91 

30 

8-9 

141 

5-2 

10 

9-3 

0-7 

111 

130 

71 

12-8 

3-7 
6-4 
1-7 

4 

11-4 

12-2 

0-8 

11 

0-5 

81 

11-3 

4-5 
10-7 
13-3 

40 
2-6 
20 

5 

7-4 

8-9 

1-5 

Noon. 

11-8 
121 

151 
16-2 

3-3 
41 
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C.  Insolations  observed  contemjjoraneously  on  Johannislnitte  and 
on  the  Glacier  [horizontal  distance  from  the  edge  900P.  T.). 


Thermometer. 

Difference. 

Diff.  G.— Diff.J. 

Shaded. 

In  the  sun. 

'■  h-] 

-10 
-2-0 

+  1-5 
+  1-4 

2-51 
3-4  1 

U-9 

»■  »g:} 

9-5 
4-6 

12  2 

9-6 

2-7 1 
50  ]■ 

2-3 

'■'"g:} 

9-3 
41 

130 

78 

3-7  l 
37/ 

0 

<''>^:} 

27 
0-7 

91 
7-4 

6-4 1 
67/ 

0-3 

.•-J:} 

11-8 
4-3 

151 
11-4 

3-3  \ 

7-1 1 

3-8 

Mean    .. 

1-46 

The  differences  can  in  general  be  veiy  considerable ;  even  on 
the  higher  alpine  summits  (Table  A.),  notwithstanding  the  low 
temperature  of  the  air,  they  are  always  very  appreciable.  A  dif- 
ference of  2°*o  is  frequently  observed  even  there,  and  on  very 
favourable  days  it  amounts  even  to  6°  C.  The  experiments  upon 
the  Johannishiitte  show  that  the  insolations  increase  towards 
midday,  but  many  disturbances  are  at  the  same  time  observed 
during  the  process  of  experiment.  ^Ve  therefore  limit  ourselves 
to  the  results  of  the  hours,  wdth  the  remark,  that  the  observa- 
tions were  made  on  days  widely  separated  from  each  other.  The 
Table  C.  includes  observations,  every  two  of  which  contained 
between  the  braces  are  correspondent ;  the  upper  one  was  made 
on  the  Johannishiitte,  the  other  at  the  same  time  upon  the  gla- 
cier. The  temperatures  of  the  shadowed  atmosphere  are  very  dif- 
ferent at  both  points  ;  the  height  of  the  thermometer  in  the  sun 
is,  however,  in  both  cases  very  nearly  the  same.  A  distui'bance 
due  to  the  reHexion  of  light  from  the  surface  of  the  glacier  might 
in  the  prcseut  case  be  expected ;  but  this  was  prevented  by  the 
introduction  of  a  pasteboard  screen  beneath.  The  difference  of 
the  sunned  and  shaded  thermometers  is  here  always  greater  than 
that  observed  over  the  rocks  which  surround  the  glacier ;  at  noon 
the  difference  in  the  former  case  exceeds  that  in  the  latter  by 
1°"46  C.  This  deviation  is  due  to  the  circumstance  of  our 
having  in  one  case  an  atmosphere  artificially  cooled  by  the  pecu- 
liar surface  upon  which  it  rests.  Both  thermometers  indeed 
are  hereby  depressed ;  the  difference,  how  ever,  must  be  greater 
on  the  glacier,  as  the  intensity  of  the  solar  rays,  in  the  observa- 
tions made  contemporaneously  at  both  places,  is  the  same,  and 
is  therefore  more  appreciable  in  the  relatively  cold  atmosphere. 
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True,  the  radiation  in  the  latter  case  is  likewise  more  energetic, 
but  not  sufficiently  so  to  annul  tlie  comparatively  great  increase 
of  temperature  observed  upon  the  glacier. 

The  reverse  of  this  must  take  place  when  the  observations  are 
made  immediately  over  the  surface  of  the  bare  rocks,  whei-e  the 
temperature  of  the  air  is  known  to  be  considerably  heightened. 
In  this  case  the  thermometer  placed  in  the  sim  could  not  differ 
so  considerably  from  that  in  the  shade.  This  suggests  to  us 
the  great  caution  necessary  to  be  observed  in  experiments  of  this 
natui'e. 

We  have  also  made  several  obsen^ations  with  a  thermometer 
with  a  blackened  bulb,  similar  to  the  photometer  of  Leslie*.  By 
the  pyrheliometer  we  obtained  the  increase  of  the  temperatvire  of  a 
quantity  of  water  during  an  arbitraiy  unit  of  time ;  while  instru- 
ments of  the  present  description  exhibit  how  far  the  respective 
thermometers,  in  the  sun  and  in  the  shade,  can  diverge  from  each 
other,  and  thus  furnish  results  which,  in  comparison  with  the 
former,  may  be  named  absolute  or  maxima  differences.  In  our 
experiments  we  used  two  thennometers,  one  of  which  was  placed 
in  the  shade,  and  the  other,  the  bulb  of  which  was  blackened, 
exposed  to  the  direct  sunlight.  Instruments  of  this  description 
can  only  be  compared  with  each  other  f.  For  the  sake  of  bre- 
vity we  will  name  the  thermometer  with  the  blackened  bulb,  and 
which  stood  in  the  sun,  the  photometer. 

Observations  ivith  the  blackened  Thennometer. 


1 

3 

4 
5 

6 

7 

8 

9 

10 


Place  of  observation. 


Grossglockner,  second  peak 

Similaun  (summit) 

Adlersruhe  

Rachern  

Todtenlocher  


Neve  of  the  great  Petz- 
thal-glacier  §    


Neve  of  the  Niederjoch.. 
Gbssnitzthal     


Height.        Day. 


feet. 
12,158 
11,135 
10,432 
10,362 
10,340 

8,500 


Aug.  29. 
Sept.  13.* 
Aug.  29. 
Sept.  4. 
Sept.  1. 
Sept.  11.* 


h 

1  p.m. 
12fp.m, 

2  p.m. 
1  p.m. 

12 
1  p.m, 


Sept.  11.*  2  p.m. 
Sept.  11.*  3  p.m. 
Sept.l3.*l  3  p.m. 

Aug.  21.  [12 


Temperature  p^oto- 
of  the  air  in  j^g^er. 
the  shade. 


3-2 
0-8 

10 
5-8 
4-4 
24 
2-4 
2-2 
2-4 

17-4 


161 
13-7 
340 
17-3 
19-2 
25-0 
23-8 
13-6 
15-7 
331 


*  John  Leslie,  Short  notice  of  Experiments  and  Instruments  which  relate 
to  the  Deportment  of  the  Air  towards  Heat  and  Moisture.  Leipzic, 
1828.  8vo. 

t  The  instrument  of  Leslie  is  a  differential  thermometer  with  a  blackened 
bulb.  It  is  placed  under  a  glass  shade  and  set  in  the  sun ;  notwithstanding 
this,  however,  the  results  given  by  different  instruments  cannot  be  well 
compared  with  each  other.  Compare  Ritchie,  Edinburgh  Journal,  Sc.iii.p.l06. 

X  The  observations  marked  thus  *  are  from  1847- 

§  Nos.  6  to  9  inclusive,  immediately  over  the  siuface  of  the  granular 
snow  (neve). 
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The  days  chosen  were  all  very  clear.  The  least  shading  of 
the  heavens  by  clouds  is,  however,  capable  of  causing  such  con- 
siderable changes  in  the  maxima  of  insolation,  that  a  relation 
between  the  latter  and  the  height  is  not  to  be  given  with  cer- 
tainty. The  temi)eratures  given  by  the  photometer  are,  however, 
in  the  first  place,  deserving  of  some  attention,  because  the  dark 
rocks  and  the  most  elevated  accumulations  of  earthy  matters 
exhibit  similar  temperatures  very  often.  They  attain  sometimes, 
even  at  considerable  elevations,  a  temperature  from  20  to  30 
degrees,  and  again  sink  under  zero  by  the  radiation  at  night. 


shade t- 


Experiments  on  temperature  in  the  direct  sunshine  which  are 
made  with  the  hcliothcrmometer  of  Saussure*,  are  comparable 
with  each  other  only  so  long  as  the  same  instrument  is  used. 
The  thickness  and  transparency  of  the  glass,  the  space  of  the 
cylinder,  the  conductive  power  of  the  material,  the  more  or  less 
air-tight  closing,  &:c.,  are  generally  very  different  in  different  in- 
struments. It  will  therefore  be  sufficient,  in  the  present  case, 
to  exhibit  briefly  those  experiments  which  we  made  on  the  Johan- 
nishiitte  (7581  P.  F.).  AVe  placed  the  instrument  generally 
from  10  o'clock  in  the  morning  to  4<  o'clock  in  the  afternoon 
ni  the  sunshine ;  after  this  hour  there  was  no  further  increase  of 
temperature  obseiTable. 

We  obtained — 

I.  40^C.  with6°v  C.1 

II.  35       ...       5°-l  ...  I  ^         t    ■    ■    ,^ 

TTT    ^g  ^o.Q       I  temperature  oi  air  m  the 

IV.  31       ...       b^2  . 

V.  49       ...       5°-8  ., 

The  radiation  also  varies  with  the  height ;  it  becomes  more 
energetic  as  we  ascend.  The  experiments  on  radiation  were 
made  with  a  Rumford's  minimum,  which  was  placed  upon  a 
layer  of  down  and  left  luicovered.  The  down  served  to  prevent 
any  lateral  conduction  of  heat  to  the  instrument.  Tliis  is  Pouil- 
let's  arrangement]:.  The  observations  were  made  upon  Johan- 
nishiitte  in  Ileiligenblut.  The  minimum  temperature  of  the 
night  air  was  observed  at  the  same  time  as  the  radiating  instioi- 
ment.   (Column  4.) 

*  The  instrument  consists  of  a  wooden  box,  which  is  blackened  inside, 
and  in  which  the  bulb  of  the  thermometer  is  placed.  It  is  closed  above  by 
three  glass  plates.  Fourier  has  given  the  expei-iments  made  by  Saussure 
with  this  instrument  in  his  investigations  on  obsciure heat.  M^.derAcad. 
des  Sciences,  Paris,  vol.  vii.  p.  585. 

t  Saussme  saw  his  instrument  upon  Mount  Cramont  rise  to  87°  C, 
the  temperature  of  the  air  at  the  time  being  6*'-2  C. —  Voyages,  §  9^2. 

I  Comptes  Rendiis,  vol.  vii.  1838,  p.  56. 
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Collection  of  Night  Temperatures  xcith  and  withotd  Radiation. 
7581  P.  F.  1848. 


No. 

Month. 

Night. 

Minimum. 

Radiation. 

M-R. 

Remarks. 

1 

August. 

15—16 

+20 

-  5  1 

71 

Very  clear, 

2 

26-27 

-41 

-  4-3 

0-2     Fog  in  the  morning. 

3 

30-31 

+50 

-  2-9 

7"9     Verv  clear. 

4 

Sept. 

2—5 

2-5 

-  35 

6-0     Light  cirri  in  the  morning. 

5 

3-4 

-31 

-101 

7-0    Very  clear. 

6 

4-5 

+  1-2 

-  30 

4"2    Fog  in  the  morning. 

The  last  column  but  one  contains  M— R,  that  is,  the  tempe- 
rature of  the  air  on  Johannishiitte  minus  the  results  of  the 
radiation  thermometer.  The  contemporaneous  maximum  of  ra- 
diation in  Heiligenblut,  at  a  height  of  4004:'_,  amounted  to  5°-.2  C. 
In  the  peciiliarly  clear  nights,  Nos.  3,  1  and  5_,  the  radiation 
was  nearly  constant,  varying  only  from  7*9  to  7"0.  As  the 
minimum  of  the  air  varied  from  +5-0  to  —  3*1,  we  may  con- 
clude that  the  differences  in  the  temperature  of  the  air  have  no 
influence  upon  the  radiation.  Similar  results  have  long  served 
to  siipport  the  assumption  of  the  intense  cold  of  the  planetaiy 
spaces,  in  comparison  with  which  the  diffei-ences  of  temperature 
observed  on  the  earth's  surface  almost  vanish.  It  is  very  diffi- 
cult to  fix  upon  proper  nights  for  such  observations,  the  latter 
are  so  often  disturbed  by  light  clouds  or  by  the  morning  fog. 
At  still  greater  altitudes,  the  temperature  of  the  air  and  the 
results  given  by  the  radiation  thermometer  differ  from  each  other 
still  more.  Martins  and  Bra^•ais,  during  their  ascent  of  ^lont 
Blanc,  found  the  follo\A'ing  differences  on  the  Grand  Plateau  : — 


Difference  on  the  Grand  Plateau.  |  Difference  in  Chamouni. 

Aug.  28,29,  1844. 
Aug.  31— Sept.  1,1844. 

13-4* 
13-5 

5-7 
61 



These  observations  also  were  made  with  a  thermometer  placed 
upon  do^Ti. 

Different  su.bstances  exposed  at  night  exhibit  different  powers 
of  radiation.  The  temperature  which  they  assume  depends,  in 
a  great  degree,  as  well  upon  their  constitution  as  upon  their 
form.  This  difference  exhibits  itself  veiy  evidently  in  nature, 
particularly  in  the  case  of  plants.  In  connexion  with  this  sub- 
ject we  give  the  following  extract  from  the  exceedingly  careful 
investigation  of  Glaishert,  which  refers  to  various  and  verj-  cha- 

*  Monit.  Univers.,  1844,  p.  2796. 

t  "  On  the  Amount  of  Radiation  of  Heat  at  night  from  the  Earth,  and 
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racteristic  localities.  The  difference  between  the  temperature  of 
the  air  and  a  thermometer  ])lnccd  in  long  grass  is  assumed  to  be 
1000;  the  difference  between  the  temperature  of  the  air  and  the 
radiation  thermometer  in  the  remaining  positions  is  expressed  in 
parts  of  tlic  above  number.  The  thennomcter  used  to  determine 
the  temperature  of  the  air  was  placed  four  feet  above  the  ground. 


Relative  Powers  of  Radiation  of  different  Bodies*. 

Long  grass    1000 

Short  grass  870 

An  inch  above  the  ground. 

Covered  with  grass  209 

On  the  ground  imder  long  grass       66 
On  the  ground  under  short  grass    200 

1  inch  t  above  the  points  of  the  1  /.-i 
grass / 

2  inches  above  the  points  of\  r>.Q 


the  grass    J  ' 

3  inches  above  the  points  of  \  ^~» 
the  grass    J 


2  feet  above  the  points  of  the  \  nf- 
grass / 

4  feet  above  the  points  of  the  1  f^q 
grass J 

6  feet  above  the  points  of  the  "1  rn 
grass J 


8  feet  above  the  points  of  the  1  -.^ 
grass / 

1 2  feet  above  the  points  of  the  1  ,  . 
grass J 

Garden  earth    4/2 

Gravel   288 


6  inches  above  the  points  oflooo      River  sand    454 

the  grass    J      "       On  stone    390 

1  foot  above  the  points  of  the  "I  ,90    '  White  sheep's  avooI 821 

grass J  I   In  the  focus  of  a  parabolic  me-  \  q'q 

I       talhc  min-or j 

Transparency. 

The  absorption  of  the  rays  of  light  by  the  atmosphere  varies 
also  with  the  rarification  of  the  latter.  For  a  luminous  point  in 
the  zenith  seen  from  the  earth^s  surface,  the  absoi'ption  amounts 
to  0'80  of  the  brightness  which  would  reach  us  did  no  absorp- 
tion by  the  atmosphere  take  place  J.  Many  investigations  on 
the  brightness  of  the  stars  can  be  regarded  as  excellent  determi- 
nations for  the  transparency  of  the  atmosphere  §;  in  general, 

from  various  bodies  placed  on  or  near  the  surface  of  the  Earth."  By  James 
Glaisher,  Esq.,  of  the  Royal  Observators',  Greenwich.  Phil.  Trans.  Lond. 
1847,  part  2,  pp.  119,217. 

*  Glaisher  in  the  place  cited,  tab.  45,  p.  147. 

t  Inches  and  feet  are  here  English  measure. 

X  This  number  is  the  mean  of  the  results  of  Bonguerand  Seidel:  "Erste 
Resultatc  Photometrisclier  ^lessungen  am  Stemhimmel." — Mlincher  Gel. 
Anzeiff,  July  2,  184fi,  No.  131,  p.  18.  The  two  measurements  were  made 
by  quite  different  methods ;  their  close  approximation  therefore  renders 
them  the  more  desersing  of  confidence.     Seidel  found  078,  Bouguer  081. 

§  Compare  Humboldt's  astrometer  and  his  experiments  therewith. —  Voy. 
ed.  8vo,  vol.  iv.  p.  32  and  287.  Steinheil's  measurements  of  brightness. — 
Denkschriften  der  Muncher  Acad.,  1837,  p.  1-142.  Herschel  in  Schuma- 
cher's Astr.  Nftchr.,  vol.  xvi.  No.  372,  p.  190.  Seidel,  as  cited  above. 
Compare  also  the  earlier  experiments  of  Bouguer,  0})tici  de  diversis  lu- 
minis  ffradibus  dbnefiendis  4.  Vienna;,  1762;  and  Lambert's  Photometria. 
An  elaborate  collection  of  the  jiropcr  instruments  and  methods  of  obsena- 
tion  in  Herschel  on  Light;  IL  Photometry,  §  17-87- 
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however,  such  investigations  are  made  more  with  a  view  to  de- 
termine the  relative  brightness  of  the  stars,  compared  with  each 
other,  than  to  ascertain  the  aherations  in  the  intensity  of  their 
light  at  various  zenith  distances.  For  the  more  direct  investi- 
gation of  the  transparency  of  the  atmosphere,  Saussure^s  diapha- 
nometer  seemed  to  us  to  be  peculiarly  suitable*.  This  con- 
sists of  two  white  circles,  in  the  middle  of  which  are  placed  black 
discs  of  various  diameters  (fig.  2).  The  greater  circle  {aa)  has 
a  diameter  of  2  P.  F. ;  the  black  disc  within  it  {bb),  a  diameter 
of  1  foot ;  the  entire  circle  is  surrounded  by  a  green  rim  (c).  In 
one  corner  of  the  latter  a  smaller  circle  is  similarly  placed ;  its 
diameter  is  2  inches,  and  the  diameter  of  the  black  disc  within 
it  1  inch.  Saussure's  instrument  was  double  the  size  of  ours. 
We  chose  these  smaller  dimensions,  because  we  feared  that  on 
the  higher  summits  it  would  be  difficult  to  obtain  the  distances 
necessary  to  cause  the  disappearance  of  the  larger  discs ;  more 
difficult  still  would  have  been  the  accurate  measurement  of  such 
distances  at  these  elevations.  We  sometimes  encountered,  even 
with  our  smaller  instruments,  difficulties  of  this  nature. 

In  the  application,  the  experimenter  recedes  from  the  discs 
thus  placed  together,  until  the  black  centre  of  the  smaller  one 
can  no  longer  be  distinguished  from  the  surrounding  surface. 
The  same  process  is  repeated  with  the  large  disc.  If  the  air  were 
perfectly  transparent,  the  angles  under  which  both  discs  disap- 
pear would  be  equal ;  and  as  the  angles  in  this  case  are  very 
small,  it  may  be  assumed  that  the  distances  from  the  centre  and 
from  the  borders  of  the  discs  are  the  same.  The  respective  di- 
stances are  then  in  the  ratio  of  the  diameters  of  the  two  discs. 
The  diaphanometer  of  Saussure  is  indeed  no  absolute  standard 
for  the  transparency  of  the  atmosphere ;  the  eye  of  the  observer, 
the  intensity  of  the  colour  of  the  instrument,  and  the  manner 
in  which  it  is  set  up,  all  have  an  influence  upon  the  results.  By 
using  proper  caution,  however,  the  error  may  be  greatly  lessened ; 
and  the  differences  at  various  elevations  are  so  considerable,  that 
its  influence  on  this  account  is  still  further  diminished.  As  the 
observer's  eye  seems  to  be  the  most  variable  among  these  sub- 
jective sources  of  eri'or,  a  few  physiological  remarks  on  this  sub- 
ject may  assist  in  the  forming  of  a  judgement  as  to  the  following 
experiments t.  When  we  recede  from  the  discs  until  the  black 
circle  vanishes,  the  angle  under  which  the  instrument  is  then 
seen  is  so  small,  that  the  contiguous  portions  of  the  retina  are 
impressed  at  the  same  time  by  the  black  and  white  portions  of 
the  surface;- the  impressions  thus  unite  to  form  a  dull  gray 

*  Mem.  de  Turin,  vol.  ir.  1/88  and  1789,  p.  425-440. 
t  Compare  Volkmann's  beautiful  memoir  Ueber  das  Sehen  in  Rudolph 
Wagner's  Physiological  Dictionary,  Lit.  S.  p.  263-351. 
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image,  similar  to  that  formed  by  the  intimate  mixture  of  a  white 
and  a  black  powder.  The  distance  at  which  this  occurs  is,  as 
might  be  expected,  different  for  different  eyes ;  the  possible  error 
in  judging  of  the  transparency  of  the  atmosphere  is,  however, 
greatly  le>!sencd  by  the  circumstance,  that  only  the  ratio  of  the 
distances  from  both  discs  is  to  be  taken  into  account,  and  the 
short-sighted  eye  will  observe  the  disappearance  of  the  small 
black  circle  also  at  a  much  smaller  distance.  While  considering 
the  angle  under  which  the  circles  disappear,  it  may  not  be  unin- 
teresting to  introduce  the  results  obtained  by  the  labours  of 
Hueck*  upon  tliis  subject.     They  may  be  stated  as  follows : — 

1 .  A  normal  eye,  which  can  accommodate  itself  to  all  distances, 
observes  the  disappearance  of  small  obj(.'ctSj  whether  they  be  near 
or  distant,  under  the  same  angle  of  vision. 

2.  AVith  larger  objects  the  angle  necessary  to  their  recognition 
increases  a  little.  [The  absence  of  perfect  transparency  seems 
to  have  made  itself  appreciable  here.] 

3.  A  stroke  is  seen  further  than  a  spot  whose  diameter  is 
equal  to  the  breadth  of  the  stroke. 

4.  "White  objects  on  a  black  ground  are  better  seen  than  when 
the  arrangement  is  reversed. 

5.  The  smallest  angle  of  vision  under  which  black  spots  on  a 
white  ground  were  visible  amounted  to  2'  6" ;  whereas  for  white 
strokes  on  dark  ground  it  was  1'  2".  A  spider^s  thread  was  seen 
by  Hueck  under  an  angle  of  0'  6" ;  a  shining  white  wire  under 
an  angle  of  0'  2".  In  our  ease  No.  2  and  iS'o.  3  are  especially 
worthy  of  attention.  AVhite  objects  on  a  black  ground  appear 
more  striking,  because  the  impression  made  by  a  luminous  sur- 
face upon  the  retina  spreads  itself  laterally  by  irradiationf.  [For 
this  reason,  slopes  which  are  partly  covered  with  snow  appear  at 
a  distance  much  more  uniformly  covered  than  they  really  are.] 
Hence  the  necessity,  if  we  would  obtain  comparable  results,  to 
use  the  same  illumination  in  all  our  experiments.  It  was  a  matter 
of  indifference  whether  we  used  direct  sunlight  or  chose  the 
shade.  We  preferred  the  latter,  as  we  knew  we  should  always 
have  it  in  our  power  to  shade  the  instrument.  This  enabled  us 
also  to  make  our  own  choice  as  to  the  direction  in  which  we 
receded  from  the  diaphanometer.  Not  unimportant  for  the 
obtaining  of  comparable  results  is  the  precaution,  that  the  eye 
should  not  be  wearied  by  continual  fixation  upon  the  disc;  it  is 
better  to  rest  the  eye  from  time  to  time  upon  suitably  dark- 
coloured  objects ;  and  thus  be  certain  that  the  black  circle  does 
not  disappear  too  soon.    We  will  remark,  lastly,  that  the  direc- 

*  The  Motion  of  the  Crystalline  Lens,  by  Dr.  A.  Hueck.  Leipzig,  1844. 
t  This  subject  is  treated  in  a  profound  and  elaborate  manner  by  Plateau 
in  the  M^moires  de  V Academic  dc  Bnixelles,  vol.  xn. 
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tion  iu  wliich  the  observer  recedes  from  the  diaphauoraeter  must 
be  perpendicular  to  the  surface  of  the  latter,  as  otherwise  the 
quantity  of  light  reflected  would  be  very  different  iu  different 
experiments*. 

Table  of  observations  wdth  Saussure's  Diaphauometer,  Circle  a 
1  inch,  Circle  A  1  foot  in  diameter. 


^ 

-1 

a 

ti 

.2  » 

No. 

Place  of  observation. 

C■T^ 

=  •3 

V  Ji 

S  3 

Q. 

■^!a 

5     " 

«  " 

6c" 

tcjJ 

K^ 

.2  0 

Q 

s'^ 

45 

^b 

r 

From  the  peak  of  the  Gross- 1 

,     « 

,      o 

'] 

glockner    downv.ards    to-  ^  12,000    230 
wards  the  Ad!ersrulie J 

2750 

1  15 

1  15 

ll-957t 

^{ 

From  the  Adlersvuhe  towards!    1 1  aaa    ooo 
the  Hoheuwarte /  ^ ' '"""    ^^^ 

2640 

1  17 

1  18 

11-892 

^1 

Rachern  towards  Wasserrad- 1   i/)  .>/\q 
kopf,  somewhat  inclined...  /  |     ' 

229 

2735 

1  15 

1  16 

11-943 

Rachern  towards  the  Todten-  "|  j 
loche  ;    almost  horizontal.     | 

4< 

Breadth    of  the    smallest  MO,aOO 
rocks,  which  were  scarcely     | 

26100+ 

1  19 

visible  10  P.  F 

5 

f 

Johannisliiitte  over  the  glacier 
Johannishiitte,  using  a  tele-  "l 

7,600 

203 

2390 

1  24 

I  26 

11-773 

H 

scope  which  magnified  four  i' 

7,600 

1  32 

2,300 

215 

2210 

1  20 

1  33 

10-279 

Lienz.   On  the  plane  between  1 

The  column  for  Cu'cle  a  contains  the  distances  at  which  the 
small  circle  disappeared ;  the  column  Circle  A,  the  distances  at 
which  the  large  circle  vanished.  In  the  two  following  columns 
stand  the  calculated  angles  under  which  the  respective  circles 
disappeared.  The  last  column  (Q)  contains  the  ratio  of  the  re- 
spective distances, — a  number  which,  as  ah'cady  remarked,  for  a 
perfectly  transparent  medium  ought  to  be  =  1.2,  but  in  the  pre- 
sent case  is  always  less.  In  Nos.  4  and  6,  though  only  one 
distance  could  be  measm'ed,  the  angle  under  which  the  objects 
disappeared  was  of  interest. 

In  general  the  quotient  increases  with  the  height,  i.  e.  the 

*  Compare  Biot,  Traife  de  Physique,  vol.  iv.  p.  71&-  Black  marble 
reflects,  according  to  Bouguer,  600  ra5's  of  every  1000  under  an  angle  of 
3°  35';  under  an  angle  of  30°,  50  of  every  1000.  "  Under  an  angle  of  0°-3, 
white  marble  reflects  721  ;  under  an  angle  of  2°*3,  614;  and  under  an 
angle  of  15°,  211  rays. 

t  Notwithstanding  this  great  transparency,  no  stars  were  visible. 

X  This  number  is  in  reference  to  the  rocks  10  feet  broad,  mentioned  at 
No.  4. 
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higher  we  ascend,  the  more  nearly  does  the  atmosphere  approach 
the  state  of  perfect  transparency.  When,  however,  the  harometer 
stood  at  479  niilliins.,  a  loss  of  light  was  still  appreciable.  The 
degree  of  transparency  during  serene,  and  to  all  appearance, 
perfectly  clear  days,  is  subject  to  variation  ;  which  perhaps  de- 
pends upon  general  psychronictric  circumstances,  but  more  im- 
mediately upon  the  condensation  of  atmospheric  moisture  occa- 
sioned by  the  peculiarities  of  locality  and  temperature.  To  this 
may  be  attributed  the  difference  between  the  Wasseradko])f  and 
Adlersruhe.  Water  distributed  throughout  the  atmosphere  iu  a 
gaseous  form  increases  the  transparency.  It  is  known,  for  in- 
stance, that  the  outlines  of  neighbouring  mountains  are  pecu- 
liarly visible  immediately  before  tlie  descent  of  rain. 

The  greatest  number  of  luminous  rays  are  absorbed  by  the 
atmosphere  iu  the  immediate  vicinity  of  the  source  from  which 
they,  either  directly  or  by  reflexion,  proceed, — a  law  quite  ana- 
logous to  that  which,  as  before  observed,  ^lelloni  discovered  for 
the  rays  of  heat.  The  most  endeut  case  of  this  kind  is  obtained 
from  a  comparison  of  Nos.  3  and  4.     An  object  at  a  distance 

a  of  229'  disappeared  under  1'  15" 
b  ...  2740'  ...  1'  16" 

c  ...  26100'  ...  1'  19". 

The  differences  of  the  distances  increase  here  far  more  quickly 
than  those  of  the  angles. 

For  a  perfectly  transparent  atmosphere  the  quotients  (column 
8  of  the  table  in  page  13)  would  be  =12.  Calling  this  1000, 
we  obtain  for  the  quotients  due  to  the  respective  altitudes  the 
following  numbers : — 

On  the  Grossglockner      ....  996 

p.     ,1       fAdlersrulie       ....  991 

\Ilachern 995 

On  the  Johannishiitte      ....  981 

In  Lienz 856 

Differences  which  are  great  enough  to  be  the  cause  of  consider- 
able errors  in  judging  of  distances  at  great  heights,  show  them- 
selves here.  If  objects,  the  size  of  which  is  approximately 
known  to  us,  as  men,  animals,  houses,  &c.,  be  observed  at  great 
elevations,  we  are  generally  induced  to  consider  them  nearer 
than  they  really  are.  Objects  which  enable  us  to  draw  no  con- 
clusion as  to  distance,  such  as  masses  of  projecting  rock,  &c., 
appear  to  us  too  small.  The  reverse  of  this  property  of  transpa- 
rency to  diminish  the  apparent  size  of  bodies  is  exhibited  when 
the  atmosphere  is  obscured  by  fog,  &c.  In  this  case  mountain 
summits  are  considerably  elevated,  and  appear  to  us  rougher  and 
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steeper  than  usual.  In  one  single  instance  the  transparency  of 
the  atmosphei'e  seems  to  increase  the  size  of  objects,  and  that  is 
when  the  chain  of  the  Alps  are  observed  from  the  plain  to  the 
south  or  north.  In  moist  weather,  generally  before  the  descent  of 
rain,  the  mountains  appear  darker  and  at  the  same  time  some- 
what larger.  This  illusion  appears  to  be  due  to  the  fact,  that  in 
the  latter  case  they  are  much  more  clearly  and  sharply  defined 
against  the  horizon*. 

The  transparency  of  the  atmosphere  has  the  power  to  modify- 
in  a  great  measure  the  magnitude  of  the  prospect  commanded 
by  a  great  altitude.  This  is  never  so  great  as  to  permit  of  being 
calculated  from  the  curvature  of  the  earth  and  the  refraction, 
for  in  the  lower  portions  the  prospect  is  always  considerably 
limited  by  vapoursf.  This  explains  why  we  see  more  clearly 
looking  from  below  upwards,  than  fi'om  a  height  downwards. 
In  the  latter  case,  however,  another  influence  operates.  The 
objects  seen  from  above  exhibit  a  imiform  obscure  colouring, 
and  do  not  present  the  same  striking  contrasts  among  themselves 
as  the  rocks  and  the  snow-covered  mountains  against  the  sky. 
The  greater  transparency  of  the  upper  regions  of  the  atmosphere 
is  strikingly  exhibited  when  we  direct  our  glance  to  higher 
summits.  It  is  surprising  how  plainly  the  latter  stand  out  before 
us,  and  with  what  distinctness  we  can  recognise  the  objects  which 
rest  upon  them.  The  reason  of  this  is,  that  we  look  through  a 
higher  and  more  rarified  atmospheric  region. 

The  intensity  of  the  rays  of  light  can  also  be  approximately 
determined  by  their  chemical  action  upon  colours  J  ;  although  the 
results  depend  upon  the  material,  &c., the  increase  of  intensity  with 
the  height  is  plainly  manifested.  We  made  use  of  strips  of  paper 
on  which  a  uniform  wash  of  carmine  was  laid.  In  each  exjDeri- 
ment  one-half  of  each  strip  was  exposed  to  the  sun  from  11 
to  2  o'clock,  while  the  other  half  was  shaded  by  an  opake  screen. 
The  altered  colours  were  imitated  by  carefully  mixing  together 
carmine  and  white  in  different  proportions  (the  exact  process 
may  be  learned  where  the  cyanometer  is  described).  In  this 
way  we  obtained  the  following  corresponding  quantities ;  the 

*  A  very  simple  practical  rule  to  calculate  the  circle  of  view  from  the 
height  is  that  used  by  seamen.  Tlie  square  root  of  the  height  in  Hamburo' 
feet  gives  the  radius  in  sea  miles,  60  to  the  degree.  The  refi-actiou  is  here 
taken  into  account.  A  Hamburg  foot  is  =:0286  met.  =  127  0  Parisian 
hnes.  For  heights  of  12,000  feet,  we  obtain  118  sea  miles  =  29  geogra- 
phical miles ;  for  ^lont  Blanc,  Saussm'e  gives  136  sea  miles  ( Voyages, 
vol.  iv.  4to,  p.  194). 

t  The  same  was  observed  by  Humboldt  and  Bonpland  {Tableau  Physique 
des  Regions  Equinoxiales.  Pai-is,  1807,  p.  135) ;  and  also  by  Gav-Lussac 
during  his  aerial  journeys. 

X  Saussure,  Me'm.  de  Turin,  vol.  iv.  p.  441-453  ;   Voyages,  vol.  iv.  p.  297. 
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percentage  quantity  of  carmine  present  being  estimated  from  a 
mixture  of  white  and  red  of  the  same  brightness. 
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The  chemical  action  of  the  light  attains  its  maximum  a  little 
before  noon^  which  was  demonstrated  by  experiments  with  Da- 
guerreotype plates.  Alexander  von  Humboldt*  has  drawn 
attention  to  the  fact,  that  at  hours  equally  distant  from  noon, 
for  example  at  10  o^clock  a.m.  and  2  o^clock  p.m.,  at  8  o'clock 
A.M.  and  -i  o'clock  p.m.,  &c.,  the  most  decided  divergences  are 
exhibited.  This  is  chiefly  due  to  the  alteration  in  the  transpa- 
rency of  the  atmosphere  through  the  condensation  of  vapours, 
and  hence  in  different  localities  may  exhibit  small  vaiiations : 
these  depend  upon  the  distribution  of  the  relative  moisture  t  at 
different  elevations, — a  subject  which  has  been  already  treated  of. 
[To  be  continued.] 


II.  Descj'iption  of  several  New  and  Simple  Stereoscopes  for  exhi- 
biting, as  solids,  one  or  more  representations  of  them  on  a  Plane. 
By  Sir  David  Brewster,  A'./f.,  D.C.L.,F.R.S.,and  V.P.R.S. 

Edin.X 

[With  a  Plate.] 

THE  ingenious  stereoscope,  invented  by  Prof,  ^^^leatstone, 
for  representing  solid  figures  by  the  union  of  dissimilar 
plane  pictures,  is  described  in  his  very  interesting  paper  "  On 
some  remarkable  and  hitherto  unobserved  Phsenomena  of  Bino- 
cular Vision  § " ;  and  in  a  paper  published  in  a  recent  volume 
of  the  Edinbm'gh  Transactions  ||,  I  have  investigated  the  cause 
of  the  perception  of  objects  in  relief,  by  the  coalescence  of  dissi- 
milar pictures. 

Having  had  occasion  to  make  numerous  experiments  on  this 

*  Asie  Central,  Mahlmann's  edition,  vol.  ii.  p.  76. 

t  See  Physical  Geograi)hy  of  the  Alps,  p.  398-425. 

:|:  From  tiie  Transactions  of  the  Royal  Scottish  Society  of  Arts,  1849. 
See  also  the  Report  of  the  British  Association  at  Biiminghara,  1849,  Trans, 
of  Sect.  p.  47. 

§  Pliil.  Trans.  1838,  p.  371.  II  Ibid.  vol.  xv.  part  3,  p.  360. 
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subject,  I  was  led  to  construct  the  stereoscope  in  several  new 
forms,  which,  while  they  possess  new  and  important  properties, 
have  the  additional  advantages  of  cheapness  and  portability.  The 
first  and  the  most  generally  useful  of  these  forms  is — 

1.   The  Lenticular  Stereoscope. 

This  instrument  consists  of  two  semilenses,  placed  at  such  a 
distance  that  each  eye  views  the  picture  or  drawing  opposite  to 
it  through  the  margin  of  the  semilens,  or  through  parts  of  it 
equidistant  from  the  margin.  The  distance  of  the  portions  of 
the  lens  through  which  we  look  must  be  equal  to  the  distance  of 
the  centres  of  the  pupils,  which  is,  at  an  average,  2^  inches.  The 
semilenses  should  be  placed  in  a  frame,  so  that  their  distance 
may  be  adjusted  to  different  eyes,  as  shown  in  Plate  II.  fig.  1. 

When  we  thus  view  two  dissimilar  drawings  of  a  solid  object, 
as  it  is  seen  by  each  eye  separately,  we  are  actually  looking 
through  two  prisms,  which  produce  a  second  image  of  each 
drawing ;  and  when  these  second  images  unite,  or  coalesce,  we 
see  the  solid  object  which  they  represent.  But  in  order  that  the 
two  images  may  coalesce,  without  any  effort  or  strain  on  the 
part  of  the  eye,  it  is  necessary  that  the  distance  of  similar  parts 
of  the  two  draw ings  be  equal  to  twice  the  separation  produced 
by  the  prism.  For  this  purpose,  measui'e  the  distance  at  which 
the  semilenses  give  the  most  distinct  \iew  of  the  drawings ;  and 
having  ascertained,  by  using  one  eye,  the  amount  of  the  refrac- 
tion produced  at  that  distance,  or  the  quantity  by  which  the 
image  of  one  of  the  drawings  is  displaced,  place  the  drawings  at 
a  distance  equal  to  twice  that  quantity,  that  is,  place  the  draw- 
ings so  that  the  average  distance  of  similar  parts  in  each  is  equal 
to  twice  that  quantity.  If  this  is  not  correctly  done,  the  eye  of 
the  observer  will  correct  the  error  by  making  the  images  coalesce, 
without  being  sensible  that  it  is  making  any  such  effort.  When 
the  dissimilar  drawings  are  thus  united,  the  solid  wiU  appear 
standing,  as  it  were,  in  relief,  between  the  two  plane  representa- 
tions of  it.  ^ 

In  looking  through  this  stereoscope,  the  observer  may  pro- 
bably be  perplexed  by  the  vision  of  only  the  tivo  dissimilar  draiv- 
ings.  This  effect  is  jDroduced  by  the  strong  tendency  of  the 
eyes  to  unite  two  similar,  or  even  dissimilar  drawings.  No 
sooner  do  the  refracted  images  emerge  from  their  respective  di-aw- 
ings,  than  the  eyes,  in  virtue  of  this  tendency,  force  them  back 
into  union ;  and  though  this  is  done  by  the  convergency  of  the 
optic  axes  to  a  point  nearer  the  eye  than  the  di'awmgs,  yet  the 
observer  is  scarcely  conscious  of  the  muscular  exertion  by  which 
this  is  effected.  This  effect,  when  it  does  occur,  may  be  coun- 
teracted by  drawing  back  the  eyes  from  the  lenses,  and  shutting 

Phil.  Mag.  S.  4.  Vol.  3.  No.  15.  Jan.  1852.  C 
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tliem  before  they  again  view  the  drawings.  It  exists  chiefly  with 
short-sighted  jjcrsous,  for  whom  the  stereoscope  may  be  con- 
structed with  concave  scmilcnses  or  quarters  of  lenses^  placed  as 
in  fig.  16 ;  and  wlien  there  arc  only  two  drawings,  it  may  be 
prevented  by  a  partition,  which  hides  the  right-hand  drawing 
from  the  left  eye,  and  the  left-hand  drawing  from  the  right  eye. 

The  instrument,  as  fitted  up  for  use,  is  shown  in  fig.  2,  where 
ABCD  is  a  frame  of  tin  or  wood,  consisting  of  an  upper  and  a 
lower  ])late,  and  two  ends,  AB  and  CD.  The  scmilcnses  are 
placed  in  CD,  with  an  opening  for  the  nose  at  NN,  a  part  of 
the  lower  plate  being  cut  away  for  this  purpose.  The  three  dis- 
similar drawings,  ^is  shown  at  C,  fig.  4,  are  placed  in  the  end 
AB,  and  are  illuminated  by  the  light  which  enters  by  the  two 
open  sides,  AC,  BD  *.  If  the  di-awings  are  upon  thin  or  trans- 
parent paper,  or  are  executed  as  transparencies  like  the  diagrams 
used  in  the  magic  lantern,  the  box  ABCD  may  be  closed,  and 
the  light  admitted  only  through  the  end  AB.  In  the  form  shown 
in  fig.  2,  where  the  drawings  slide  into  an  open  frame,  either 
opake  or  transparent  figures  may  be  used.  It  is  often  convenient 
to  have  the  cbawings  separate,  so  that,  like  the  scmilcnses,  they 
may  be  made  to  ai)proach  to  or  recede  from  one  another ;  and 
when  the  drawings  are  thus  separate,  w^e  can  obtain  the  arrange- 
ment at  B,  fig.  4,  from  the  drawings  at  A,  or  all  of  them  from 
the  three  drawings  at  C. 

AVhile  the  semileuses  thus  double  the  drawings  and  enable  us 
to  unite  two  of  the  images,  they  at  the  same  time  magnify  them, 
— an  advantage  of  a  very  peculiar  kind,  when  we  wish  to  give  a 
great  apparent  magnitude  to  drawings  on  a  small  scale,  taken 
photographically  vdi\\  the  camera.  But  while  the  magnifying 
power  of  any  lens  is  the  same  through  whatever  portion  of  it  we 
look,  its  prismatic  angle  varies  with  the  distance  of  that  portion 
from  the  margin.  In  the  semilcns  LL,  for  example,  fig.  3,  the 
prismatic  angle  is  a  maximum  at  the  margin  A,  less  at  A',  and 
still  less  at  A",  so  that  when  the  drawing  is  veiy  small,  we  can 
double  it,  and  refract  it  sufficiently  by  looking  through  A",  when 
larger  through  A',  and  when  larger  still  through  A.  By  using 
a  thicker  lens,  without  changing  the  curvature  of  its  surface,  or 
its  focal  length,  wc  can  increase  the  prismatic  angle  at  its  margin, 
so  as  to  produce  any  degree  of  refraction  that  may  be  required 
for  the  purposes  of  experiment,  or  for  the  duplication  of  large 
drawings. 

*  It  is  sometimes  more  convenient  to  close  the  sides,  and  leave  the  upper 
and  under  sides  open,  or  we  may  cut  off  a  circular  segment  from  its  upper 
and  lower  pl.ate,  as  shown  in  fig.  2.  The  use  of  this  opening  in  the  lower 
plate  is  to  illuminate  the  drawings  when  we  turn  the  stereoscope  and  figures 
upside  down,  which  increases  the  rehef  in  a  surprising  degree. 
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It  is  ob'sdouSj  from  the  very  nature  of  the  lenticular  stereo- 
scope, that  it  may  be  made  of  any  size.  The  one  from  which 
fig.  2  is  copied  is  8  inches  long,  and  5  inches  at  its  widest  end ; 
but  I  have  made  them  only  three  inches  long,  and  have  now 
before  me  a  microscopic  stereoscope,  which  can  be  carried  in  the 
pocket,  and  which  exhibits  all  the  properties  of  the  instrument 
to  the  greatest  advantage*. 

If  we  suppose  the  two  figures  at  A,  fig.  4,  to  represent  a  cone, 
as  seen  by  the  right  and  left  eye,  the  stereoscope  will  unite  them 
into  a  raised  cone,  with  the  cii'cular  apex  nearest  the  eye.  If 
they  are  placed  as  at  B,  they  will  appear  as  a  hollow  cone,  the 
apex  being  fm-thest  from  the  eye.  In  Mr.  AVheatstone's  stereo- 
scope, the  drawings  must  be  turned  upside  down,  in  order  that 
the  raised  and  hollow  cone  may  be  seen  in  succession ;  but  with 
the  lenticular  stereoscope,  we  have  only  to  place  three  figures,  as 
at  C,  fig.  4,  and  between  A,  B,  fig.  2,  in  order  to  see  at  the  same 
time  the  raised  and  the  hollow  cone;  the  former  being  produced 
by  the  union  of  the  frst  \^"ith  the  second,  and  the  latter  by  the 
union  of  the  second  with  the  third  figures. 

This  method  of  exhibiting  at  the  same  time  the  raised  and  the 
hollow  solid,  enables  us  to  give  an  ocular  and  experimental  proof 
of  the  usual  explanation  of  the  cause  of  the  large  size  of  the 
horizontal  moon,  of  her  small  size  when  in  the  meridian  at  a 
considerable  altitude,  and  her  intermediate  apparent  magnitude 
at  an  intermediate  altitude.  As  the  summit  of  the  raised  cone 
appeals  to  be  nearest  the  eye  of  the  observer,  the  summit  of  the 
hollow  cone  furthest  off,  and  that  of  the  flat  di*awing  on  each 
side  at  an  intermediate  distance,  these  distances  vriW  represent 
the  apparent  distance  of  the  moon  in  the  zenith  of  the  elliptical 
celestial  vault,  in  the  horizon,  and  at  an  altitude  of  45°.  The 
circular  summits  thus  seen  are  in  reahty  exactly  of  the  same  size, 
and  at  the  same  distance  from  the  eye,  and  are  therefore  pre- 
cisely in  the  same  circumstances  as  the  moon  in  the  three  posi- 
tions ah'eady  mentioned.  If  we  now  contemplate  them  in  the 
stereoscope,  we  shall  see  the  circular  summit  of  the  hollow  cone 
the  largest,  like  the  horizontal  moon,  because  it  seems  at  the 
greatest  distance  from  the  eye  ;  the  circular  summit  of  the  raised 
cone  the  smallest,  because  it  appears  at  the  least  distance,  like 
the  zenith  moon  ;  and  the  circular  summit  of  the  cones  on  each 
of  an   intermediate  size,  like  the  moon  at   an  altitude  of  45°, 

*  In  place  of  using  semilenses,  as  I  at  first  did,  I  now  use  quarters  of 
lenses,  which  answer  the  purpose  equally  well.  With  a  single  lens,  there- 
fore, we  can  construct  two  stereoscopes  of  exactly  the  same  power.  This 
is  the  first  time  that  a  quadrant  of  a  lens  has  been  used  in  optics.  The 
eve-end  of  the  stereoscope  should  consist  of  two  short  tubes,  with  the 
lenses  at  their  extremities. 

C2 
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because  their  distance  from  the  eye  is  intermediate.  In  the 
accompanying  model  this  effect  will  be  distinctly  seen,  by  placing 
three  small  wafers  of  the  same  size  and  colour  on  the  square 
summits  of  the  drawings  of  the  cones  or  four-sided  pyramids. 
No  change  is  produced  in  the  apparent  magnitude  of  these 
circles  by  making  one  or  more  of  them  less  bright  than  the  rest, 
and  hence  we  see  the  incorrectness  of  the  explanation  of  the  size 
of  the  horizontal  moon,  as  given  by  Dr.  Berkeley*. 

When  the  observer  fails  to  see  the  object  in  relief  from  the 
cause  already  mentioned,  but  sees  only  the  /^rodraNvings,  if  there 
are  two,  or  the  tht-ee  dra^^'ings,  if  there  are  three,  the  plane  of 
the  drawings  ajjpears  deeply  hollow ;  and,  what  is  very  remark- 
able, if  we  look  with  the  eccentric  lenses  at  a  flat  table  from 
above,  it  also  appears  deeply  hollow ;  and  if  we  touch  it  with 
the  palm  of  om*  hand,  it  is  felt  as  hollow,  while  we  are  looking 
at  it,  but  the  sensation  of  hollowness  disappears  upon  shutting 
our  eyes.  The  sense  of  sight,  therefore,  instead  of  being  the 
pupil  of  the  sense  of  touch,  as  Berkeley  and  others  have  believed, 
is  in  this,  as  in  other  cases,  its  teacher  and  its  guide  f. 

2.   TJie  Total-Reflexion  Telescope. 

This  form  of  the  stereoscope  is  a  very  interesting  one,  and 
possesses  vahiable  properties.  It  requires  only  a  small  prism 
and  one  diagi-am,  or  picture  of  the  solid,  as  seen  by  one  eye ;  the 
other  diagram,  or  picture  which  is  to  be  combined  with  it,  being 
created  by  total  reflexion  from  the  base  of  the  prism.  This  in- 
stniment  is  shown  in  fig.  5,  where  D  is  the  picture  of  a  cone  as 
seen  by  the  left  eye  L,  and  ABC  a  prism,  whose  base  BC  is  so 
large,  that  when  the  eye  is  placed  close  to  it,  it  may  see,  by 
reflexion,  the  whole  of  the  diae:ram  D.  The  angles  ABC,  ACB 
must  be  equal,  but  may  be  of  any  magnitude.  Great  accuracy 
in  the  equality  of  the  angles  is  not  necessaiy ;  and  a  prism  con- 
structed by  a  lapidary  out  of  a  fragment  of  thick  plate-glass,  the 
face  BC  being  one  of  the  surfaces  of  the  plate,  wlW  answer  the 
purpose  J.  When  the  prism  is  placed  at  abc,  fig.  6,  at  one  end 
of  a  conica!  tube  LD,  and  the  diagram  D,  at  the  other  end,  in  a 
cap  which  can  be  turned  round  so  as  to  have  the  line  mn,  which 
passes  through  the  centre  of  the  base  and  summit  of  the  cone 
parallel  to  the  line  joining  the  two  eyes,  the  instrument  is  ready 
for  use.     The  observer  places  his  left  eye  at  L,  and  ^•iews  with 

*  Berkeley's  Works,  p.  98 ;  Essay  on  the  Theory  of  Vision,  §  67-78. 
Lond.  1837. 

t  See  Edinburgh  Transactions,  vol.  xv.  p.  672. 

J  In  this  case  the  prism  may  have  the  form  Bcf/C,  fig,  5,  the  parallel  sides 
BC,  cd  being  the  original  faces  of  the  piece  of  the  plate-glass,  and  the  in- 
cUned  faces  Be,  Crf  only,  the  work  of  the  lapidar)'. 
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it  the  picture  J),  as  seen  by  total  reflexion  from  tlie  base  BC  or 
be  of  the  prism,  figs.  5  and  6,  while  with  his  right  eye  R,  fig.  5, 
he  views  the  same  picture  directly.  The  first  of  these  pictm-es 
being  the  reverse  of  the  second  J),  like  all  pictures  formed  by 
one  reflexion,  we  thus  combine  two  dissimilar  pictm-es  into  a 
raised  cone,  as  in  the  figure,  or  into  a  hollow  one,  if  the  picture 
at  D  is  tm-ned  round  180°.  If  we  place  two  diagrams,  one  like 
one  of  those  at  A,  fig.  4,  and  the  other  like  the  other  at  A,  fig.  4, 
vertically  above  one  another,  we  shall  then  see,  at  the  same 
time,  the  raised  and  the  hollow  cone  as  produced  in  the  lenti- 
cular stereoscope  by  the  three  diagrams  in  fig.  4  at  C.  When 
the  prism  is  good,  the  dissimilar  image  produced  by  the  two 
refractions  at  B  and  C,  and  the  one  reflexion  at  E,  is  of  course 
more  accurate  than  if  it  had  been  drawn  by  the  most  skilful 
artist;  and  therefore  this  form  of  the  stereoscope  has  in  this 
respect  an  advantage  over  every  other  in  which  two  dissimilar 
figui'es,  executed  by  art,  are  necessary.  In  consequence  of  the 
length  of  the  reflected  pencil  DB  +  BE  +  EC+CL  being  a  Httle 
greater  than  the  dii-ect  pencil  of  rays  DR,  the  two  images  com- 
bined have  not  exactly  the  same  apparent  magnitude ;  but  the 
difference  is  not  perceptible  to  the  eye,  and  a  remedy  could 
easily  be  provided  were  it  required. 

If  the  conical  tube  LD  is  held  in  the  left  hand,  the  left  eye 
must  be  used ;  and  if  in  the  right  hand,  the  right  eye  must  be 
used ;  so  that  the  hand  may  not  obstruct  the  direct  vision  of  the 
drawing  by  the  eye  which  does  not  look  through  the  prism. 
The  cone  LD  must  be  tm-ned  round  slightly  in  the  hand  till  the 
line  mn  joining  the  centre  and  apex  of  the  figure  is  parallel  to 
the  line  joining  the  two  eyes.  The  same  line  must  be  parallel 
to  the  plane  of  reflexion  from  the  prism ;  but  this  parallelism  is 
secured  by  fixing  the  prism  and  the  drawing. 

It  is  scarcely  necessary  to  state,  that  this  stereoscope  is  appli- 
cable only  to  those  diagrams  and  forms  where  the  one  image  is 
the  reflected  picture  of  the  other. 

If  we  wash  to  make  a  microscopic  stereoscope  of  this  form,  or 
to  magnify  the  drawings,  we  have  only  to  cement  plano-convex 
lenses,  of  the  requisite  focal  length,  upon  the  faces  AB,  AC  of 
the  prism,  or,  what  is  simpler  still,  to  use  a  section  of  a  deeply 
convex  lens  ABC,  fig.  7,  and  apply  the  other  half  of  the  lens  to 
the  right  eye,  the  face  BC  having  been  previously  ground  flat 
and  polished  for  the  prismatic  lens.  By  using  a  lens  of  larger 
focus  for  the  right  eye,  we  may  correct,  if  required,  the  imper- 
fection arising  from  the  difference  of  paths  in  the  reflected  and 
direct  pencils.  This  diff"erence  is  so  trivial,  that  it  might  be 
corrected  by  applying  to  the  right  eye  the  central  portion  of  the 
same  lens  whose  margin  is  used  for  the  prism. 
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3.   The  Single  Prismatic  Stereoscope. 

Tlic  prismatic  stereoscope,  represented  in  fig.  8,  consists  of  a 
single  prism  V,  with  a  small  refracting  angle,  capable  of  refract- 
ing the  image  of  the  figure  A,  so  as  just  to  combine  it  with  the 
dissimilar  figure  B,  seen  directly  by  the  right  eye.  The  second 
pictvn-c  should  be  placed  close  to  A,  in  order  that  they  may  be 
united  bv  a  ])rism  with  the  smallest  refracting  angle.  There  is 
a  slight  degree  of  colour  in  the  refracted  image,  but  it  does  not 
injure  the  general  effect.  The  prism,  therefore,  should  not  be 
made  of  flint-glass,  or  any  glass  with  a  high  dispersive  power. 
A  single  face  ground  by  a  lapidaiy  upon  one  of  the  faces  of  a 
morsel  of  plate-glass,  the  size  of  the  pu])il  of  the  eye,  will  give  a 
prism  sufficient  for  every  ordinary  purpose.  Any  person  may 
make  one  for  himself  by  placing  a  little  bit  of  window-glass  upon 
another  piece  inclined  to  it,  and  inserting  in  the  angle  between 
them  a  drop  of  water.  When  the  figures  are  small  and  near  one 
another,  a  water  prism  with  the  requisite  angle  will  scarcely 
produce  any  perceptible  colour-*. 

If  we  DUike  a  double  prism,  as  shown  at  PP',  fig.  9,  and  apply 
it  to  the  two  dissimilar  figures  A,  B,  so  that  with  the  left  eye  L 
looking  through  the  prism  P,  we  may  place  the  refracted  image 
of  B  upon  A,  as  seen  by  the  right  eye  11,  we  shall  see  a  hollow 
cone ;  and  if  with  the  left  eye  L',  looking  through  the  other 
prism  P'^  we  place  the  refracted  image  of  A  upon  B,  as  seen  with 
the  right  eye  R',  we  shall  see  a  raised  cone. 

4.   The  Singly -Reflecting  Stereoscope. 

A  very  simple  stereoscope  may  be  constructed,  as  in  fig.  10, 
by  using  a  small  piece  of  black  glass,  or  plate-glass  with  one 
side  covered  with  black  wax.  This  piece  of  glass  ]\IX  reflects  to 
the  left  eye  L  a  reverted  image  of  the  figure  B,  which,  when 
seen  in  the  direction  LCA,  and  combined  with  the  figure  A,  seen 
directly  by  the  right  eye  R,  gives  a  raised  cone.  The  cone  will 
be  seen  hollow  by  reversing  the  figures  A,  B.  As  BC-f  CL  is 
greater  than  AR,  the  reflected  image  of  B  ^v^ll  be  slightly  less 
than  A ;  but  the  diff'erence  is  so  little,  that  it  does  not  affect  the 
appearance  of  the  IloUoxo  or  the  raised  cone.  By  bringing  B  a 
little  nearer  the  reflector  MN,  the  two  pictures  may  be  made 
exactly  the  same.  The  small  reflector  and  the  dissimilar  figures 
may  be  fitted  up  in  a  conical  tube,  like  that  shown  in  fig.  6,  the 
tube  having  an  elliptical  section  to  accommodate  tuw  figures  at  its 
further  end,  the  major  axis  of  the  ellipse  being  parallel  to  the 
line  joining  the  two  eyes. 

*  Professor  Wheatstone  has^  we  believe,  used  two  achromatic  prisms, 
but  they  are  not  uecessaiy. 
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5.   TTie  Double-Reflectinff  Stereoscope. 

In  this  fomi  of  the  instrument  a  second  reflector  is  added  for 
the  right  eye,  as  shoAMi  at  M'N',  fig.  11,  and  the  effect  of  this  is 
to  exhibit  at  the  same  instant  the  raised  and  the  hollow  cone. 
The  image  of  B  seen  by  reflexion  from  ]MN  at  the  point  C  is 
combined  with  the  direct  picture  of  A,  seen  by  the  right  eye, 
and  foiTBs  a  hollow  cone ;  while  the  image  of  A  seen  by  reflexion 
from  !M'N'  at  the  point  C,  is  combined  with  the  direct  picture 
of  B,  seen  by  the  left  eye.  These  reflectors  may  be  placed  in  an 
elliptical  tube,  with  an  opening  near  the  end  AB  to  illuminate 
the  figures  A,  B,  or  we  may  dispense  with  an  opening  by  having 
the  figures  dra-wn  upon  thin  or  transparent  paper.  ^Mien  the 
figures  are  drawn  in  transparent  lines  on  a  ground  of  opake 
vai-nish,  like  the  diagrams  in  the  magic  lantern,  the  eflfect  is 
very  fine. 

Another  form  of  the  double- reflecting  stereoscope  is  shown  in 
fig.  12,  which  difiers  from  that  sho^-n  in  fig.  11  in  the  position 
of  the  two  reflectors,  and  of  the  figiu-es  to  be  united.  The 
reflecting  faces  of  the  mirrors  are  tui-ned  outwards,  their  distance 
being  less  than  the  distance  between  the  eyes ;  and  the  efl'ect  of 
this  is  to  unite  into  a  hollow  cone  the  same  figures  which  the 
other  form  in  fig.  11  unite  into  a  raised  one.  The  superiority 
of  this  position  of  the  reflectors  is,  that  they  are  more  easily  en- 
closed in  a  tube,  and  that  the  instrument  is  more  portable. 

In  describing  these  various  forms  of  the  stereoscope,  by  which 
the  instiiiment  may  not  only  be  rendered  portable,  but  may  be 
constructed  out  of  materials  which  eveiy  person  possesses,  and 
without  the  aid  of  an  optician,  we  have  supposed  the  two  dissi- 
milar figures  to  be  those  of  the  fi-ustum  of  a  cone  as  seen  by 
each  eye  separately ;  the  large  cii-cle  being  the  representation  of 
the  base  of  the  cone,  and  the  small  circle  the  representation  of 
its  ti-uncated  summit.  If  we  join  similar  points  of  these  two 
circles  by  lines,  as  is  done  in  the  figures,  the  conical  figm'e  will 
be  more  distinct. 

If  we  take  the  dravring  of  a  six-sided  pyramid  as  seen  by  the 
right  eye,  as  shov."n  in  fig.  13,  and  place  it  in  the  total-reflexion 
stereoscope  at  D,  fig.  5,  so  that  the  line  MN  coincides  with  mn,  and 
is  parallel  to  the  line  joining  the  eyes  of  the  obsen'er,  we  shall 
perceive  a  perfect  raised  pyramid  of  a  given  height,  the  reflected 
image  of  CD,  fig.  13,  being  combined  with  AF  seen  directly.  If 
we  now  tiu*n  the  figure  round  30°,  CD  will  come  into  the  position 
AB,  and  vmite  with  AB,  and  we  shall  still  perceive  a  raised  pyramid 
with  less  height  and  less  symmetry'.  If  we  turn  it  round  30° 
more,  CD  will  be  combined  with  BC,  and  we  shall  still  perceive 
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a  raised  pyramid  with  still  less  height,  and  still  less  symmetry. 
When  the  tigure  is  tumed  round  otiier  30^,  or  90°  from  its  tirst 
position,  CD  will  coincide  with  CD  seen  directly,  and  the  com- 
bined figures  will  be  perfectly  Hat.  If  we  continue  the  rotation 
through  other  30°,  CD  will  coincide  with  DE,  and  a  slightly 
hollow,  but  not  veiy  symmetrical  pyramid,  w  ill  be  seen.  A  rota- 
tion of  other  30°  will  bring  CD  into  coalescence  with  EF,  and  we 
shall  see  a  still  more  hollow  and  more  symmetrical  ])yramid.  A 
further  rotation  of  other  30°,  making  180^  from  the  commence- 
ment, will  bring  CD  into  union  with  AF ;  and  we  .>hall  have  a 
perfectly  symmetrical  hollow  pyramid  of  still  greater  depth,  and 
the  exact  counterpart  of  the  raised  p)Tamid  which  was  seen  be- 
fore the  rotation  of  the  figure  commenced.  If  the  pyramid  had 
been  square,  the  raised  \\o\i\d  have  passed  into  the  hullow  pyramid 
by  rotations  of  45°  each.  If  it  had  been  rectangulai-,  the  change 
w'ould  have  been  effected  by  rotations  of  90°.  If  the  space 
between  the  two  cii'cular  sections  of  the  cone  in  fig.  12  had  been 
imiformly  shaded,  or  if  lines  had  been  drawn  from  every  degree 
of  the  one  circle  to  evei*y  corresponding  degree  in  the  other,  in 
place  of  from  eveiy  90th  degree,  as  in  the  figure,  the  raised  cone 
would  have  gradually  diminished  in  height  by  the  rotation  of 
the  figure  till  it  became  flat,  after  a  rotation  of  90° ;  and  by 
continuing  the  rotation,  it  would  have  become  hollow,  and  gra- 
dually reached  its  maximum  depth  after  a  revolution  of  180°. 

Tliere  are  two  classes  ofphrenomenaof  a  very  interesting  kind, 
to  which  the  stereoscope  is  not  properly  applicable,  namely, 
those  where  it  is  required  to  unite  a  great  number  of  similar  and 
equidistant  patterns,  such  as  those  which  compose  paper-hangings, 
carpets,  and  the  oj)enings  in  the  cane  bottoms  of  chairs ;  and 
those  in  which  we  binocularly  unite,  and  give  a  new  position  to, 
lines  meeting  at  or  converging  to  a  point,  the  eye  being  placed 
at  different  heights  above  the  plane  of  the  paper,  and  at  different 
distances  from  the  angular  point*.  In  studying  these  pheno- 
mena, w^e  produce  the  required  union  by  straining  the  eyes,  or 
by  contemplating  the  objects  while  the  eyes  are  directed  to  a 
point  either  nearer  to  or  further  from  them.  The  power  of  doing 
this  with  facility  is  possessed  by  veiy  few'  persons,  and  it  is  there- 
fore necessary  to  have  a  simple  and  infallible  method  of  effecting 
the  \mion  of  such  objects  without  instrumental  assistance.  The 
following  method,  when  practised  for  a  short  time,  will  answer 
this  purpose. 

*  Tliese  two  classes  of  ph.Tiiomena  are  described  in  my  paper  "  On  the 
Kno\vledg;e  of  Distance  given  l)y  Binocular  Vision,"  published  in  the  Edin- 
burgh Transactions,  vol.  xv.  p.  6(V6. 
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6.  Method  of  uniting  Similar  or  Dissimilar  Figures. 

Upon  a  piece  of  glass  ]MN,  fig.  14,  place  a  veiy  small  circle 
of  white  paper  J),  and  let  A,  B,  C  be  similar  patterns  which  we 
wish  to  unite,  A  with  C,  or  A  with  B.  Hold  the  piece  of  glass 
MN  in  both  hands,  and  at  such  a  distance  from  the  eyes  that, 
when  with  the  left  eye  L,  and  shutting  the  right  eye,  we  see 
the  circle  D  covering  C,  we  also,  upon  opening  the  right  eye  B, 
see  with  it  the  cii-cle  D  covering  A.  By  continuing  for  a  short 
time  to  look  at  the  circle  D  with  both  eyes  open,  we  shall  see 
the  patterns  all  united,  and  the  wall  or  plane  which  contains 
them  situated  at  the  same  distance  from  the  eye  as  the  circle  D. 
If  there  are  one  or  more  intermediate  patterns,  such  as  B,  the 
piece  of  glass  ]MN  must  be  held  further  from  the  eyes  in  order 
to  unite  A  with  B  instead  of  A  with  C.  Those  who  acquire  in 
this  way  the  art  of  uniting  dissimilar  and  similar  figures,  will 
not  require  in  any  case  the  aid  of  the  stereoscope,  unless  when 
there  is  only  one  figure  or  object;  in  which  case  they  must  have 
recom-se  to  the  total-reflexion  stereoscope,  in  order  to  convert  the 
single  figm-e  into  a  solid,  by  creating  and  imiting  with  it  its  op- 
posite or  reflected  image. 

7.  Method  of  Drawing  on  a  Plane  the  Dissimilar  Representations 
of  Solids  for  the  Stereoscope. 

Let  L,  R,  fig.  15,  be  the  left  and  right  eye,  and  A  the  middle 
point  between  them.  Let  ]MN  be  the  plane  on  which  an  object 
or  solid,  whose  height  is  CB,  is  to  be  drawn.  Through  B  draw 
LB,  meeting  j\lN  in  c;  then  if  the  object  is  a  solid,  with  its 
apex  at  B,  Cc  will  be  the  distance  of  its  apex  from  the  centre  C 
of  its  base,  as  seen  by  the  left  eye.  As  seen  by  the  right  eye  R, 
Cc'  will  have  the  same  value,  but  c/  will  lie  on  the  left  side  of  C. 
Calling  E  the  distance  between  the  two  eyes,  and  h  the  height 

BC  of  the  solid,  we  shall  have  AB  :  h=  ^ :  Cc  and  Cc  =  t^-t-^, 

<*  2AB 

which  will  give  us  the  results  in  the  following  table,  AC  being 

=  8  and  E  =  21  inches:— 


Height. 

BC=h. 

AB. 

Cc. 

1 

7 

0-279  inch 

2 

6 

0-4166  ... 

3 

5 

0-75 

4 

4 

1-25       ... 

5 

3 

2-088     ... 

6 

2 

3-75       ... 

7 

1 

8-75       ... 

8 

0 

Infinite. 
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If  we  now  wish,  by  directiiii^  the  axt-s  of  the  eyes  beyond  MN 
to  b,  to  ascertain  the  value  of  Cc',  whieli  will  give  different  depths 
d  of  the  hollow  solids  con-esponding  to  different  values  of  Cb,  we 

'   ■"  '       '  '^  '  ;  which,  making  ACS 


snail  nave  a.0'.-^  =a 

:  \jC  anc 

L  \,c  =  -TTU  >  wnicn, 

inches  as  before,  will 

give  the 

following  results : — 

Depth. 

C6=rf. 

A6. 

Cc'. 

1 

9 

01 39  inch. 

2 

10 

0-25       ... 

3 

11 

0-31       ... 

4 

12 

0116G  ... 

5 

13 

0-48       ... 

6 

14 

0-535     ... 

7 

15 

0-58 

8 

16 

0-625     ... 

9 

17 

0-663     ... 

10 

18 

0-696     ... 

11 

19 

0-723     ... 

12 

20 

0-75 

The  values  of  h  and  d,  when   the  excentricities  Cc,  Cc',  as 
we  may  call  them,  are  known,  will  be  found  by  the  formulae 

A=  ^rm  ^^^^  ^—  TTT-     -^^  C^  ^*  always  equal  to  Cc'  in  each 
2Ali  2Ao 

pair  of  figures  or  dissimilar  pictures,  the  de])th  of  the  hollow  solid 

will  always  appear  much  greater  than  the  height  of  the  raised 

solid  one.    AVhen  Cc  and  Cc'  are  both  0-75  h:d=S  :  12,  and 

when  thev  are  both  0-4166,  h  :  d=2  :  4,  and  when  they  are  both 

Ol39h:d=0-S:  1-0. 


III.  Account  of  a  Biiwcidar  Camera,  and  of  a  Method  of  ob- 
taining Drawings  of  Full  Length  and  Colossal  Statues,  and  of 
Living  Bodies,  which  can  be  exhibited  as  Solids  by  the  Ste- 
reoscope. Bi/  Sir  David  Brewster,  K.H.,  D.C.L.,  F.R.S., 
and  V.P.R.S.  Edin* 

IN  explaining  the  construction  and  use  of  the  lenticular  and 
other  stereoscopes,  I  have  referred  only  to  the  duplication 
and  union  of  the  dissimilar  drawings  on  a  plane  of  geometrical  and 
symmetrical  solids.  The  most  interesting  apjilication,  however,  of 
these  instruments  is  to  the  dissimilar  representations  of  statues 
and  living  bodies  of  all  sizes  and  forms,  and  also  to  natural 
sceneiy,and  the  objects  which  enter  into  its  composition.  Professor 

*  From  Trans,  of  Royal  Scottish  Society  of  Arts,  1849.    See  also  Report 
of  British  Association  at  Birmingham.  1849,  Trans,  of  Sect.,  p.  5. 
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"\^Tieatstone  had  pre\dotisly  applied  his  stereoscope  to  the  union 
of  dissimilar  drawings  of  small  statues,  taken  by  the  Daguerre- 
ot^qie  and  Talbot^^e  processes ;  and  in  an  essay  on  Photography, 
lately  published*,  I  have  mentioned  its  application  to  statues  of 
all  sizes,  and  even  to  li\ing  figures,  by  means  of  a  binocular 
camera.  The  object  of  the  present  paper  is  to  describe  the 
binocular  camera,  and  to  exj^lain  the  principles  and  methods 
by  which  this  application  of  the  stereoscope  is  to  be  carried  into 
effect. 

The  vision  of  bodies  of  three  dimensions,  or  of  groups  of  such 
bodies  combined,  has  never  been  sufficiently  studied  either  by 
artists  or  philosophers.  Leonardo  da  Vinci,  who  united  in  a  re- 
markable degree  a  knowledge  of  art  and  science,  has,  in  a  passage 
of  his  Trattato  della  Pittura,  quoted  by  Dr.  Smith  of  Cambridgef, 
made  a  brief  reference  to  it  insofar  as  binocular  vision  is  con- 
cerned; but  till  the  publication  of  Professor  AVheatstone^s  in- 
teresting memoir  "  On  some  remarkable  and  hitherto  unobserved 
Phsenomeua  of  Binocular  Vision  j,^'  the  subject  had  excited  no 
attention. 

In  order  to  understand  the  subject,  we  shall  fi.rst  consider  the 
vision  ^Wth  one  eye  of  objects  of  three  dimensions,  when  of  dif- 
ferent magnitudes  and  placed  at  different  distances.  \Mien  we 
thus  view  a  building  or  a  full-length  or  colossal  statue  at  a  short 
distance,  a  picture  of  all  its  visible  parts  is  formed  on  the  retina. 
If  we  view  it  at  a  greater  distance,  certain  parts  cease  to  be  seen, 
and  other  parts  come  into  Wew ;  and  this  change  on  the  picture 
will  go  on,  but  will  become  less  and  less  perceptible  as  we  retire 
from  the  original.  If  we  now  look  at  the  building  or  statue 
from  a  distance  through  a  telescope,  so  as  to  present  it  to  us 
with  the  same  distinctness,  and  of  the  same  apparent  magnitude 
as  we  saw  it  at  our  first  position,  the  two  pictures  will  be  essen- 
tially diffei'ent ;  all  the  parts  which  ceased  to  be  visible  as  we 
retired  will  still  be  invisible,  and  all  the  parts  which  were  not 
seen  at  our  first  position,  but  became  visible  by  retiring,  will  be 
seen  in  the  telescopic  pictui'e.  Hence  the  parts  seen  by  the  near 
eye,  and  not  by  the  distant  telescope,  will  be  those  towards  the 
middle  of  the  building  or  statue,  whose  surfaces  converge,  as  it 
were,  towards  the  eye ;  while  those  seen  by  the  telescope,  and 
not  by  the  eye,  will  be  the  external  parts  of  the  object  whose 
surfaces  converge  less,  or  approach  to  parallelism.  It  will  depend 
on  the  nature  of  the  building  or  the  statue  which  of  these  pic- 
tures gives  us  the  most  favourable  representation  of  it. 

*  North  British  Review,  vol.  \-ii.  p.  502,  August  1847- 
t  Complete  System  of  Optics,  vol.  ii.  Remarks,  p.  41.  §  244. 
X  Phil.  Trans.,  1838,  p.  371 ;  see  also  Edinbm-gh  Transactions,  vol.  xv. 
pp.  349  and  %Q3. 
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If  we  now  su])])()sc  the  building  or  statue  to  be  reduced  in  the 
most  perfect  manner, — to  half  its  size,  for  example, — then  it  is  ob- 
vious that  these  two  perfectly  similar  solids  will  afford  a  different 
picture,  whether  viewed  by  the  eye  or  by  the  telescope.  In  the 
reduced  cojjv,  the  inner  surfaces  visible  in  the  original  will  dis- 
appear, and  the  outer  surfaces  become  visible ;  and,  as  formerly, 
it  will  depend  on  the  nature  of  the  building  or  the  statue  whether 
the  reduced  or  the  original  coj)y  gives  the  best  picture. 

If  we  repeat  the  preceding  experiments  with  two  eyes  in  place 
of  one,  the  building  or  statue  will  have  a  different  appearance. 
Surfaces  and  ])arts,  formerly  invisible,  will  become  visible,  and 
the  body  will  be  better  seen  because  we  see  more  of  it;  but  then 
the  parts  thus  brought  into  view  being  seen,  generally  speaking, 
wath  one  eye,  will  have  only  one- half  the  illumination  of  the  rest 
of  the  picture.  13ut,  though  we  see  more  of  the  body  in  bin- 
ocular vision,  it  is  only  parts  of  vertical  surfaces  perpendicular 
to  the  line  joining  the  eyes  that  are  thus  brought  into  view,  the 
parts  of  similar  horizontal  surfaces  remaining  invisible  as  with 
one  eye.  It  would  require  a  pair  of  eyes  placed  vertically,  that 
is,  with  the  line  joining  them  in  a  vertical  direction,  to  enable 
us  to  see  the  horizontal  as  well  as  the  vertical  surfaces ;  and  it 
would  require  a  pair  of  eyes  inclined  at  all  possible  angles,  that 
is,  a  ring  of  eyes  2^  inches  in  diameter,  to  enable  us  to  have  a 
perfectly  symmetrical  view  of  the  statue. 

These  observations  will  enable  us  to  answer  the  question, 
whether  or  not  a  reduced  copy  of  a  statue,  of  precisely  the  same 
form  in  all  its  parts,  will  give  us,  either  by  monocular  or  bin- 
ocular vision,  a  better  view  of  it  as  a  work  of  art.  As  it  is  the 
outer  parts  or  surfaces  of  a  large  statue  that  are  invisible,  its 
great  outline  and  largest  parts  must  be  best  seen  in  the  reduced 
copy ;  and  consequently  its  relief,  or  third  dimension  in  space, 
must  be  much  greater  in  the  reduced  copy.  This  will  be  better 
understood  if  w^e  suppose  a  sphere  to  be  substituted  for  the 
statue.  If  the  sphere  exceeds  in  diameter  the  distance  between 
the  pupils  of  the  right  and  left  eye,  or  2i  inches,  we  shall  not 
see  a  complete  hemisphere  unless  from  an  infinite  distance.  If 
the  sphere  is  larger,  we  shall  see  only  a  segment,  whose  relief, 
in  place  of  being  equal  to  the  radius  of  the  sphere,  is  equal  only 
to  the  versed  sine  of  half  the  visible  segment.  Hence  it  is  ob- 
vious that  a  reduced  copy  of  a  statue  is  not  only  better  seen  from 
more  of  its  parts  being  visible,  but  is  also  seen  in  stronger  relief. 
^Vith  these  observations,  we  shall  be  able  to  determine  the 
best  method  of  obtaining  dissimilar  plane  drawings  of  full-length 
and  colossal  statues,  &c.,  in  order  to  reproduce  them  in  three 
dimensions  by  means  of  the  stereoscope.  Were  a  painter  called 
upon  to  take  drawings  of  a  statue,  as  seen  by  each  eye,  he  would 
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fix,  at  the  height  of  his  eyes,  a  metallic  plate  with  two  small 
holes  in  it,  whose  distance  is  equal  to  that  of  his  eyes,  and  he 
would  then  draw  the  statue  as  seen  through  the  holes  by  each 
eye.  These  pictures,  however,  whatever  be  his  skill,  would  not 
be  such  as  to  reproduce  the  statue  by  their  union.  An  accu- 
racy, almost  mathematical,  is  necessary  for  this  purpose ;  and 
this  can  only  be  obtained  from  pictures  executed  by  the  processes 
of  the  Daguerreotype  and  Talbotype.  In  order  to  do  this  with 
the  requisite  nicety,  we  must  construct  a  binocular  camera, 
which  will  take  the  pictures  simultaneously  and  of  the  same 
size  j  that  is,  a  camera  mth  two  lenses  of  the  same  aperture  and 
focal  length,  placed  at  the  same  distance  as  the  two  eyes.  As  it 
is  impossible  to  grind  and  polish  two  lenses,  whether  single  or 
achromatic,  of  exactly  the  same  focal  lengths,  even  if  we  had  the 
very  same  glass  for  each,  I  propose  to  bisect  the  lenses,  and  con- 
struct the  instrument  with  semilenses,  which  will  give  us  pic- 
tures of  precisely  the  same  size  and  definition.  These  lenses 
should  be  placed  with  their  diameters  of  bisection  parallel  to  one 
another,  and  at  the  distance  of  2~  inches,  which  is  the  average 
distance  of  the  eyes  in  man  ;  and,  when  fixed  in  a  box  of  suffi- 
cient size,  will  form  a  binocular  camera,  which  will  give  us,  at 
the  same  instant,  with  the  same  lights  and  shadows,  and  of  the 
same  size,  such  dissimilar  pictures  of  statues,  buildings,  land- 
scapes, and  li\dng  objects,  as  will  reproduce  them  in  relief  in  the 
stereoscope. 

It  is  obvious,  however,  from  observations  pre\iously  made,  that 
even  this  camera  will  only  be  applicable  to  statues  of  small 
dimensions,  which  have  a  high  enough  relief,  from  the  eyes 
seeing,  as  it  were,  well  around  them,  to  give  sufficiently  dissi- 
milar pictures  for  the  stereoscope.  As  we  cannot  increase  the 
distance  between  our  eyes,  and  thus  obtain  a  higher  degree  of 
relief  for  bodies  of  large  dimensions,  how  are  we  to  proceed  in 
order  to  obtain  drawings  of  such  bodies  of  the  requisite  relief  ? 

Let  us  suppose  the  statue  to  be  colossal,  and  ten  feet  wide, 
and  that  dissimilar  drawings  of  it  about  t/u-ee  inches  high  are 
required  for  the  stereoscope.  These  di'amngs  are  forty  times 
narrower  than  the  statue,  and  must  be  taken  at  such  a  distance 
that,  with  a  binocular  camera  having  its  semilenses  2^  inches 
distant,  the  relief  would  be  almost  evanescent.  We  must,  there- 
fore, suppose  the  statue  to  be  reduced  n  times,  and  place  the 
semilenses  of  tbe  binocular  camera  at  the  distance  nx2^  inches. 
If  ?z  =  10,  the  statue  will  be  reduced  to  y§,  or  to  1  foot,  and 
n  X  2^,  or  the  distance  of  the  semilenses  will  be  25  inches.  If 
the  semilenses  are  placed  at  this  distance,  and  dissimilar  pictures 
of  the  colossal  statue  taken,  they  will  reproduce  by  their  union 
a  statue  one  foot  high,  which  will  have  exactly  the  same  appear- 
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ance  and  relief  as  if  we  had  viewed  the  eolossal  statue  with  eyes 
25  inches  distant.  But  the  reproduced  statue  will  have  also  the 
same  appearance  and  i-elief  as  a  statue  a  foot  high,  reduced  from 
the  colossal  one  with  mathematical  precision  ;  and  therefore  it 
will  be  a  better  and  a  more  relieved  representation  of  the  work 
of  art  than  if  we  had  viewed  the  colossal  original  with  our  own 
eyes,  cither  under  a  greater,  an  equal,  or  a  less  angle  of  apparent 
magnitude. 

We  have  supposed  that  a  statue  a  foot  broad  will  be  seen  in 
proper  relief  by  binocular  vision ;  but  it  remains  to  be  decided 
whether  or  not  it  would  be  niore  advantageously  seen,  if  reduced 
with  mathematical  jirecision  to  a  breadth  of  2~  inches,  the  width 
of  the  eyes,  which  gives  the  vision  of  a  hemisphere  2^  inches  in 
diameter,  with  the  most  perfect  relief.  If  we  adopt  this  prin- 
ciple, and  call  B  the  breadth  of  the  statue  of  which  we  require 

"P 

dissimilar  pictures,  we  must  make  n=:^,  and  n  x  2^  =  B,  that  is, 

the  distance  of  the  semilenses  in  the  binocular  camera,  or  of  the 
semilenses  in  two  cameras,  if  two  are  necessary,  must  be  made 
equal  to  the  breadth  of  the  statue. 

In  the  same  manner  we  may  obtain  dissimilar  pictures  of 
living  bodies,  buildings,  natural  scenery,  machines,  and  objects 
of  all  kinds,  of  three  dimensions,  and  reproduce  them  by  the 
stereoscope,  so  as  to  give  the  most  accurate  idea  of  them  to  those 
who  could  not  understand  them  in  drawings  of  the  greatest 
accuracy. 

The  art  which  we  have  now  described  cannot  fail  to  be  re- 
garded as  of  inestimable  value  to  the  sculptor,  the  painter,  and 
the  mechanist,  whatever  be  the  nature  of  his  production  in  three 
dimensions.  Lay  figures  will  no  longer  mock  the  eye  of  the 
painter.  He  may  delineate  at  leisure  on  his  canvas,  the  forms  of 
life  and  beauty,  stercoty])ed  by  the  solar  ray  and  reconverted 
into  the  substantial  objects  from  which  they  were  obtained,  bril- 
liant with  the  same  lights  and  chastened  with  the  same  shadows 
as  the  originals.  The  sculptor  will  work  with  similar  advantages. 
Supei*ficial  forms  will  stand  before  him  in  three  dimensions,  and 
while  he  summons  into  view  the  linng  realities  from  which  they 
were  taken,  he  may  avail  himself  of  the  labours  of  all  his  prede- 
cessors, of  Pericles  as  well  as  of  Canova ;  and  he  may  virtually 
carry  in  his  portfolio  the  mighty  lions  and  bidls  of  Nineveh, — the 
gigantic  sphinxes  of  Egypt, — the  ApoUos  and  Veuuses  of  Grecian 
art, — and  all  the  statuary  and  sculpture  which  adorn  the  galleries 
and  museums  of  civilized  nations. 
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IV.  Notice  of  a  Chromatic  Stereoscope. 
By  Sir  Datid  Brewster,  K.H.,  F.R.S.,  V.P.R.S.  Edin* 

IN  the  year  1848^  I  conimimicated  to  the  British  Association, 
at  Swansea,  a  brief  notice  of  the  principle  of  this  instru- 
ment f. 

If  we  look  with  both  eyes  through  a  lens,  about  2^  inches  in 
diameter  or  upwards,  at  an  object  ha\dng  colom-s  of  different  re- 
frangibilities,  such  as  the  coloured  lines  on  a  map,  a  red  rose 
among  green  leaves,  or  any  scarlet  object  upon  a  blue  ground, 
or  in  general  any  two  simple  colours  not  of  the  same  degree  of 
refrangibility,  the  tico  coloui"s  will  appear  at  different  distances 
from  the  eye  of  the  observer. 

In  this  experiment  we  are  looking  through  the  margin  of  two 
semilenses  or  virtual  prisms,  by  which  the  more  refrangible  rays 
are  more  refracted  than  the  less  refrangible  rays.  The  doubly- 
coloured  object  is  thus  divided  into  two  as  it  were,  and  the 
distance  between  the  two  blue  portions  is  as  much  greater  than 
the  distance  between  the  two  red  portions  (red  and  blue  being 
supposed  to  be  the  colours)  as  twice  the  de\dation  produced  by 
the  virtual  prism,  if  we  use  a  large  lens  or  two  semilenses,  or 
by  the  real  prisms,  if  we  use  prisms. 

The  images  of  different  colours  being  thus  separated,  the  eyes 
unite  them  as  in  the  stereoscope,  and  the  red  image  takes  its 
place  nearer  the  observer  than  the  blue  one,  in  the  veiy  same 
manner  as  the  two  nearest  portions  of  the  dissimilar  stereoscopic 
figui'es  stand  up  in  relief  at  a  distance  from  their  more  remote 
portions.  The  reverse  of  this  will  take  place  if  we  use  a  concave 
lens,  or  if  we  turn  the  refracting  angles  of  the  two  prisms  in- 
wards. 

Hence  it  follows,  and  experiment  confirms  the  inference,  that 
we  give  solidity  and  relief  to  plane  figures  bv  a  suitable  applica- 
tion of  colour  to  parts  that  are  placed  at  different  distances  from 
the  eye. 

These  effects  are  greatly  increased  by  using  lenses  of  highly- 
dispersing  flint  glass,  oil  of  cassia,  and  other  flviids,  and  avoiding 
the  use  of  compound  colom-s  in  the  objects  placed  in  the  stereo- 
scope. 

*  Read  before  the  Royal  Scottish  Soeiet}-  of  Arts,  Dec.  10,  1849. 
t  See  Report  of  the  British  Association  at  Swansea,  1848,  Trans,  of  Sect., 
p.  48. 
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V.  Account  of  Experiments  with  a  powerful  Electro-magnet. 
By  J.  P.  Joule,  F.R.S.  ^c  * 

SO^IE  years  ago  I  anuouuccd  that  if  a  particle  of  wire  con- 
ducting a  voltaic  current  be  made  to  act  upon  a  very  large 
surface  of  iron,  the  intensity  of  the  induced  magnetism  will  not 
be  much  diminished  by  an  increase  in  the  distance  of  that  par- 
ticle from  the  surface  of  the  iron.  Guided  by  this  principle,  I 
constructed  a  very  ])owerful  electro-magnet  in  1843t,  and  soon 
after  prepared  the  iron  of  the  electro-magnet  employed  in  the 
experiments  related  in  the  ])resent  paper.  This  was  a  plate  of 
the  best  wrought  iron,  1  inch  thick,  23  inches  long,  12  inches 
broad  at  the  centre,  but  tapered  thence  to  the  breadth  of  3  inches, 
as  represented  in  the  adjoining  sketch 
(fig.  1).  The' plate  was  then  bent  into 
a  semicircular  shape,  so  as  to  bring  its 
ends  within  12  inches  of  one  another. 
Previously  to  fitting  up  this  bar  as  an 
electro-magnet,  I  made  a  few  experi- 
ments with  a  view  to  test  the  principle 
above  named  more  completely  than  I 
had  hitherto  done. 

A  length  of  about  eight  yards  of  insu- 
lated copper  wire,  ^'o^^^  ^^  ^^  "^^^^  ^^ 
diameter,  was  divided  into  two  exactly 
equal  portions,  one  of  which  was  wound 
four  times  round  the  broadest  part  of 
the  iron,  and  close  to  its  surface ;  the  other  was  also  wound  four 
times  round  the  broadest  p^rt  of  the  iron,  but  was  kept  at  the 
distance  of  one  inch  from  its  surface  by  means  of  interposed 
pieces  of  wood.  A  constant  current  of  electricity  was  alternately 
passed  through  the  wires;  and  the  deflections  of  a  magnetic 
needle  half  an  inch  long,  placed  at  the  distance  of  two  feet  from 
the  iron  bar,  were  observed  to  be  as  follows  : — 

6°  23'  with  the  wire  close  to  the  surface  of  the  iron. 

6°  9'  with  the  wire  at  the  distance  of  one  inch  from  the  surface 
of  the  iron ; 
showing  only  a  trifling  diminution  of  eff'ect  in  consequence  of 
the  removal  of  the  wire  to  the  distance  of  one  inch  from  the 
sui'face. 

Having  been  thus  fortified  in  my  previous  conclusion  as  to 
the  propriety  of  enveloping  broad  electro-magnets  with  a  very 
large  quantity  of  coils,  even  though  the  outer  ones  should  be 


Frgl 


*  Coinmunioated  ])y  the  Author. 

t  Philosopliicul  Magazine,  S.  3,  vol.  xxiii.  p.  268. 
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removed  to  a  considerable  distance  from  the  surface  of  the  iron, 
I  proceeded  to  fit  up  the  large  bar  already  described  with  a  coil 
consisting  of  a  bundle  of  copper  wires  68  yards  long,  and  weigh- 
ing 100  lbs.  The  electro-magnet  thus  formed  was  placed  in  a 
wooden  bos,  on  the  side  of  which  two  large  brass  clamps  were 
screwed,  the  latter  being  soldered  to  the  terminals  of  the  coil. 
The  accompanying  sketch  represents  the  apparatus  in  its  com- 


pleted state  ;  excepting,  however,  two  brass  straps,  by  means  of 
which  the  coil  is  kept  securely  in  its  place,  which  are  omitted  for 
the  sake  of  clearness. 

In  experimenting  with  the  electro-magnet,  I  employed  a  bat- 
tery consisting  of  sixteen  DanielFs  cells,  the  copper  of  each 
exposing  an  active  surface  of  nearly  two  square  feet.  They  were 
arranged  so  that  I  could  with  facility  use  either  one  cell  alone, 
four  cells  in  a  series  of  two,  or  sixteen  in  a  series  of  four  elements. 
The  cells  and  the  liquids  in  them  being  similar  in  every  respect, 
it  was  evident  that  these  arrangements  must  produce  through 
the  electro-magnetic  coils  currents  represented  by  1,  2  and  4. 
I  therefore  was  enabled  to  dispense  with  the  use  of  a  galvano- 
meter, which  would  have  been  acted  upon  by  the  powerful  elec- 
tro-magnet, even  if  it  had  been  placed  at  the  distance  of  many 
yards  from  it. 

Experiment  I. — A  magnetic  needle,  1|-  inch  long,  was  sus- 
pended at  the  distance  of  three  feet  from  the  electro-magnet 
measured  on  a  line  at  right  angles  to  that  joining  the  poles. 
The  northward  tendency  of  the  needle  haA-ing  been  counteracted 
by  means  of  a  permanent  magnet,  I  obsened  the  following 
^ibrations  per  minute  resulting  from  the  action  of  the  electro- 
magnet : — 

With  1  cell  in  a  series  of  1     .     .     48  \-ibrations. 
...    4  cells     ...  2     .     .     63 

...  16  ...  4     .     .     96 

The  vibrations  are  evidently  in  the  ratio  of  the  square  root  of  the 
quantity  of  current  circulating  around  the  electro-magnet,  and 
consequently  we  may  infer  that  the  mag-netism  induced  in  the 
latter  was  simply  in  proportion  to  the  current. 
Phil.  Mag.  S!  4.  Vol.  3.  No.  15.  Jan.  1852. 
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Experiment  II. — Ilavinj?  provided  a  pair  of  tapered  poles  ter- 
minating in  vertical  edges,  1  inch  long  and  ^th  of  an  inch  in 
breadth,  I  caused  them  to  be  slid  on  the  poles  of  the  electro- 
magnet until  within  \\  inch  from  each  other.  A  cylindrical 
bar  of  bismuth  If  inch  long,  \  of  an  inch  in  diameter,  and 
weighing  174  grains,  was  susjjended  by  a  filament  of  silk  from 
a  proper  support,  so  as  to  vibrate  between  the  tapered  poles. 
The  average  numbers  of  vibrations  in  each  minute  of  time  through 
the  quadrant  of  a  circle  were  then  found  to  be — 


with  1  cell  in  a  series  of  1  .     . 

.     4^  vibrations. 

...     4  cells       ...            2  .     . 

.     9^         ... 

...  16               ...            4  .     . 

.     17 

The  currents  being  as  1,  2  and  4,  and  the  vibrations  4|,  9|  and 
17,  or  nearly  in  the  same  ratio,  it  follows  that  the  repulsive  action 
of  the  magnetic  poles  was  as  the  square  of  the  cm-rent,  and  con- 
sequently that  the  diamagnetism  of  the  bismuth  is  a  quality  not 
self-inherent,  but  induced  by  the  magnetic  action  to  which  it  is 
exposed.  I  am  happy  to  have  been  thus  enabled  to  confirm  the 
important  fact,  discovered  by  M.  Ed.  Becqucrel  and  Dr.  Tyndall, 
by  experiments  made  without  any  knowledge*  of  the  researches 
they  were  conducting  almost  simultaneously  on  the  same  subject. 

Experiment  III. — The  tapered  poles  remaining  at  1^  inch 
asunder,  I  suspended  a  piece  of  soft  iron,  3  inches  long,  1  inch 
deep,  and  jth  of  an  inch  thick,  at  the  distance  of  a  quarter  of  an 
inch  above  the  poles.  Using  one  cell  of  the  battery,  this  small 
piece  of  iron  was  attracted  with  a  force  of  6|  oz. ;  but  with  16 
cells  in  a  series  of  4,  with  a  force  of  no  less  than  71 1  oz.  In 
this  instance  we  notice  a  slight  falling  away  from  the  theoretical 
attraction,  owing  no  doubt  to  the  gradual  approach  of  the  limit 
to  magnetizability  in  the  small  bar  of  iron. 

Experiment  IV. — The  tapered  poles  having  been  removed,  a 
flat  bar  of  soft  iron,  14  inches  long,  3  inches  in  breadth,  and 
1  inch  thick,  was  placed  at  various  distances  from  the  poles  of  the 
electro-magnet,  and  the  attractions  measui'ed  as  follows  : — 

i  in.  dist.  sin.  dist.  1  in.  dist.  2  in.  dist. 

oz.  oz.  oz.     oz. 

with  1  cell 102  38  13f         3| 

with  16  cells  in  a  series  of  4     976  320  140         47 

Here,  again,  we  have  evidences  of  an  approach  towards  the  limit 

*  The  electro-magnet  with  which  the  above  experiments  had  been  made 
was  sent  to  the  Exhibition  of  Industry  in  tlie  middle  of  February.  M.  Bec- 
querel's  paper  was  published  in  the  Annales  de  Chimie  for  May,  Dr.  Tyn- 
oall's  in  this  Magazine  for  September,  after  having  been  previously  com- 
municated to  the  IpsHich  Meeting  of  the  British  Association. 
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of  magnetizabilit)^,  for  the  attractions  with  a  current  of  4  are 
only  ten  times^  instead  of  sixteen  times  as  great  as  those  ob- 
served T\ath  a  current  of  1. 

The  electro-magnet  I  described  some  years  ago*  consisted  of 
a  core  of  u-on,  half  an  inch  thick,  enveloped  by  a  coil  of  wires 
weighing  60  lbs.  With  a  battery  of  ten  cells,  similar  to  those 
employed  in  the  present  experiments,  a  bar  of  iron  3  inches 
broad  and  ^  an  inch  thick,  was  attracted  at  the  distance  of  \  of 
an  inch  with  a  force  of  480  oz.,  at  i  an  inch  with  a  force  of  168 
oz.,  and  at  1  inch  with  a  force  of  77  oz.  Both  electro-magnets 
having  been  constructed  on  the  same  principle,  their  attractive 
powers  ought  to  be  proportional  to  the  weight  of  coil  and  number 
of  cells,  and  therefore  to  be  represented  by  60x10  =  600,  and 
100  X  16  =  1600.  As  this  is  tolerably  well  borne  out  by  com- 
paring the  actual  results  of  the  above  experiments,  we  may  infer 
that  little  or  no  advantage  was  obtained  by  increasing  the  thick- 
ness of  the  core  of  iron  from  half  an  inch  to  one  inch. 

Experiment  V. — A  flat  bar  of  iron,  1|  inch  deep  and  jth  of 
an  inch  thick,  being  placed  ^vith  its  thin  edge  in  contact  with 
the  poles  of  the  electro-magnet,  the  following  weights  had  to  be 
applied  in  order  to  overcome  the  attraction  in  contact : — 

With  1  cell  in  a  series  of  1     .     .     64  lbs. 
...    4  cells       ...  2     .     .     72  ... 

...  16  ...  4     .     .     96  ... 

But  when  the  bar  of  iron  used  in  Experiment  IV.  was  placed  in 
contact  with  the  poles,  so  as  just  to  leave  a  quarter  of  an  inch  in 
breadth  for  the  place  of  contact  of  the  flat  bar,  the  attraction  of 
the  latter  with  16  cells  was  found  to  be  only  82  lbs.  Thus  it 
would  appear  that  14  lbs.  out  of  the  96  lbs.  in  the  previous  ex- 
periment were  owing  to  the  distant  attraction  of  that  part  of  the 
poles  not  in  contact  with  the  bar.  We  may  therefore  conclude, 
that  while  the  attraction  in  contact,  using  one  cell,  was  64  lbs., 
minus  say  1  lb.  for  distant  attraction,  that  produced  by  a  cur- 
rent four  times  as  great  was  only  increased  to  82  lbs.  And  it 
must  be  remarked,  that  the  greater  part  of  this  small  increase  was 
doubtless  owing  to  the  action  of  the  broader  part  of  the  U'on  core 
which  still  remained  unneutralized.  It  would  therefore  appear, 
that  the  greatest  observed  attraction  in  contact  was,  in  this  electro- 
magnet, about  70  X  5  =  350  lbs.  per  square  inch  of  the  surface 
of  each  pole,  or  otherwise  that  the  greatest  magnetic  attraction 
of  one  square  inch  of  surface  for  another  square  inch  was  175  lbs. 
Several  years  ago  I  gave  140  lbs.  as  the  apparent  limit  of  attrac- 
tion in  contact  f.     The  force  of  current  employed  in  obtaining 

•  Philosophical  Magazine,  S.  3,  vol.  xxiii.  p.  268. 
t  Ibid.  S.  4.  vol.  ii.  p.  453. 
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this  result  was  only  one-tenth  of  that  which,  in  the  present  in- 
stance, did  not  ])i-oducc  a  greater  attraction  than  175  lbs.  It  is 
therefore  improbable  that  any  force  of  current  could  give  an 
attraction  equal  to  200  lbs.  per  square  inch. 

Experiment  VI. — The  magnetic  needle  was  suspended  as  in 
Experiment  I.,  and  its  vibrations,  with  4  cells  in  a  series  of  2, 
were  found  to  be  G3  per  minute.  I  then  placed  the  large  bar 
used  in  Experiment  IV.  across  the  poles,  so  as  to  neutralize  their 
action.  The  number  of  vibrations  of  the  needle  per  minute  was 
then  found  to  be  62,  or  only  1  less  than  before ;  showing  that 
the  neutralization  of  the  magnetic  tension  of  the  poles  (which 
were  only  3  inches  in  breadth,  that  of  the  core  at  its  greatest 
being  12  inches)  permitted  the  tension  of  the  remaining  unneu- 
tralized  breadth  of  9  inches  to  be  increased  so  as  to  prevent 
almost  any  diminution  in  the  action  on  the  needle. 

Acton  Square,  Salford, 
Dec.  16, 1851. 


VI.  On  Finctional  Electricity.     By  Reuben  Phillips,  Esq.^ 

THE  following  electro-chemical  theory  is  so  far  identical  with 
that  propounded  by  Sir  H.  Da\y,  that  it  regards  the  most 
simple  forms  of  matter  as  electrified,  and  chemical  action  to  con- 
sist only  in  the  redistribution  of  the  electric  force.  Sir  H.  Davy's 
theoi'y  was  found  at  the  time  of  its  publication  to  be  rather  un- 
manageable, and  accordingly  Berzelius  gave  it  a  generally  received 
version,  which  says  that  electricity  is  generated  by  the  proximity 
of  diverse  particles.  But  this,  as  I  understand  it,  requires  the 
admission  of  an  unknown  force,  which  the  proximity  of  the 
molecules  developes  into  electricity. 

Taking,  for  example,  a  volume  of  hydrogen,  it  by  no  means 
follows,  that  because  it  does  not  affect  the  electrometer,  that  there- 
fore the  gas  contains  no  electricity.  For,  suppose  each  particle 
to  be  electrified  by  having  positive  electricity  developed  on  one 
end,  and  its  equivalent  of  negative  electricity  on  the  other  end, 
then,  however  intense  this  ])olarization  may  be,  the  neutrality  of 
the  mass  is  perfect,  because  of  the  equality  of  the  two  opposite 
electric  forces,  and  the  minuteness  and  independence  of  the 
particles  t- 

*  Communicated  by  the  Author. 

t  It  has  been  represented  to  me,  that  the  particles  cannot  be  neutral 
and  independent  if  thus  polarized,  and  I  therefore  state  the  exi)eriments 
which  appear  to  me  to  justify  the  assumption.  If  we  take  two  plates  of 
metal  and  insulate  them  in  the  air,  with  their  surfaces  parallel  and  some 
distance  apart,  and  chari^e  one  ])ositively,  and  the  other,  to  an  equal  amount, 
negatively,  then  on  approximating  these  two  parallel  surfaces,  the  external 
electrical  excitement,  as  indicated  bv  an  electrometer,  can  be  made  to  dis- 
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If  a  volume  of  any  other  gas^  as  chlorine,  be  made  to  combine 
with  the  hydrogen,  the  action,  it  would  seem,  can  be  consistently 
imagined  in  the  following  way.  Each  particle  of  either  gas 
previously  to  combination  has  on  it  both  positive  and  negative 
electricity ;  this  may  be  sufficiently  symbolized  by  waiting  +  •  — 
for  either  particle,  where  the  dot  signifies  the  atomic  centre  to 
which  the  two  signs  belong.  On  bringing  a  particle  of  hydrogen 
near  to  a  particle  of  chlorine,  the  electricity  may  stand  thus, 

~~    before  combination,  and  in   hvdi'ochloric    acid. 

There  is  in  this  process  a  transfer,  but  no  generation  of  electricity. 

appear;  and  consequently  we  have  here  a  system  of  polarization  which 
produces  no  external  effect.  This  experiment  can  be  conveniently  made 
with  the  ordinaiT  condenser,  the  only  alteration  required  being  to  insulate 
the  moveable  plate.  The  common  Leyden  jar  affords  another  example  of 
this  species  of  electric  distribution,  which  I  suppose  to  exist  in  the  mo- 
lecules. 

My  intention  in  this  paper  was  not  to  state  any  new  opinions  as  to  the 
nature  of  electricity,  but  to  take  the  old  and  generally  serviceable  electro- 
chemical theory,  and,  after  making  a  few  necessan,^  repairs,  to  apply  it  to 
frictional  electricity ;  so  that,  when  this  electro-chemical  theory  receives  its 
true  physical  inteqiretation,  frictional  electricity  may  be  simultaneously 
explained.  Perhaps,  however,  I  had  better  briefly  state  my  present  views, 
so  far  as  I  think  it  worth  while,  and  so  prevent  it  from  being  supposed 
that  I  regard  the  sjTnbols  as  fully  representing  the  condition  of  the  par- 
ticles. In  tlie  first  place,  then,  I  regard  it  as  very  probable  that  the  par- 
ticles have  no  electric  poles,  as  I  think  poles  are  usually  understood,  but 
that  the  two  electricities  are  distributed  in  the  form  of  concentric  layers. 
Also,  as  I  can  neither  regard  electricit}-  as  consisting  of  two  fluids,  nor 
acquiesce  in  Frankhn's  hypothesis,  I  can  only  l;>ok  upon  positive  electricity 
as  consisting  of  motion,  similar  in  other  res]3ects,  but  opposite  in  direction, 
to  negative  electricity.  From  this  I  conclude,  that  Davy's  electric  atmo- 
spheres really  consist  of  two  or  more  spherical  orbs  revolving  in  some  manner 
in  opposite  directions— the  neuti-ality  of  the  particle  being  a  consequence  of 
the  vis  viva  of  one  direction  being  equal  to  the  vis  viva  of  the  opjjosite 
direction.    WTien  two  particles  run  together  and  form  one,  as  in  chemical 

action,  which  I  have  represented  by  the  symbol  _  _   I  suppose  that  the 

plus  spherical  orbs  combine  to  form  one  spherical  orb  or  set  of  orbs,  and 
that  the  minus  orbs  also  combine ;  the  electro-motive  force  generated  at 
the  instant  of  combination  being  due  to  the  vis  viva  of  the  combined  electi-ie 
atmospheres  of  the  particles,  being  less  than  before  combination.  A  good 
illustration  of  this  change  of  vis  viva  seems  to  be  afforded  in  the  mingling 
of  streams  of  aii",  having  similar  directions  Ijut  unequal  velocities.  With 
respect  to  cohesion,  where  the  particles  must  be  side  by  side,  the  orbits  of 
the  electric  forces  cannot  be  spherically  disposed ;  and,  fixing  attention  on 
any  interior  particle,  it  would  seem  that  the  plus  electricity  of  tliis  particle 
must  combine  with  the  plus  electricity  of  a  particle  on  one  side,  and  the 
minus  electricitv  with  the  minus  electricity  of  another  particle  on  the  other 
side.— Dec.  10,"  1851. 

[The  electrified  plates  appear  to  us  to  illustrate  the  present  electro- 
chemical theory  rather  than  Mr.  Phillips's  modification  of  it.  The  plates 
are  unipolar,  whereas  his  electrified  particles  are  bipolar. — Ed.] 
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Let  now  bydrocliloric  acid  be  submitted  to  electrolysis,  as  can 
easily  be  done  by  electrolysing  its  aqueous  solution.  A  line  of 
particles  of  hydrochloric  acid  extended  between  platinum  elec- 
trodes may  be  represented  by   _ ' _ '  _  i   ^"^^  i^i  order 

that  the  current  may  pass,  the  particle  situated  at  the  anode 
must  receive  plus  electricity,  and  that  of  the  cathode,  minus 
electricity.     On  throwing  one  quantity  of  plus  electricity  into  a 

molecule  of  hydrochloric  acid,  it  becomes  q   _  ;  and  on  adding 

another  of  these  quantities,  it  becomes  ,  .  _ ;  and  on  adding 
two  quantities  of  negative  electricity  to  a  molecule  of  hydro- 
chloric acid,  it  becomes      '  _ .     If  now  the  particle  of  chlorine 

which  has  become  H ,  and  consequently  neutral  and  uncom- 

bined,  escapes,  together  with  the  hydrogen  developed  on  the 
other  pole,  and  if  we  then  consider  the  intermediate  particles 
of  hydrogen  and  chlorine  as  shifting  in  the  way  usually  supposed, 

the  series  +•++■++■+   becomes  _^         +.+  +•+      +— ^ 

Thus  this  theoiy  readily  applies  to  electrolysis,  and  therefore 
generally  to  all  electro-chemical  phfenomena.  Further,  at  one 
period  of  the  electrolysis,  a  particle  of  either  gas  really  has,  or 
in  some  way  approaches  to,  0-—  or  0-+  ;  and  this  may  be  the 
condition  of  the  nascent  state,  and  is  intermediate  between  the 
combined  and  free  condition  of  a  particle. 

The  electro-motive  force  which  combining  particles  possess, 
must  depend  on  the  persistence  with  which  the  electric  form 

_  ^  _  is  retained  as  compared  with  _  *     .     This  electro-motive 

force,  and  consequently  that  of  chemical  affinity,  varies  exces- 
sively, and  is  sometimes  so  feeble  as  to  be  controlled  by  simple 
pneumatic  pressure,  of  which  the  decomposition  of  the  carbonate 
of  lime  by  heat,  and  of  steam  by  red-hot  iron,  are  sufficient 
examples.  And  since  pneumatic  pressure  can  be  measured  by 
cohesion,  it  follows  that  cohesion  is  quite  comparable,  and  in 
many  instances,  probably  at  least  equal  in  intensity  with  that  of 
chemical  force.  Cohesion  and  chemical  force  are  each  also 
molecular  forces  capable  of  ])roducing  the  aggregation  of  par- 
ticles— and  many  other  resemblances  could  no  doubt  be  pointed 
out.  It  may  therefore  perhaps  be  fairly  inferred,  that  the  co- 
hesion of  liquids  or  solids  produces  some  modification  of  the 
molecular  electricity  differing  from  the  arrangement  of  the  electri- 
city in  gases.  I  must,  however,  go  a  step  further,  and  assume  that 
this  peculiar  distribution  of  the  electric  force  generates  cohesion. 
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The  particles  of  a  substance^  on  approximating  each  other, 
may  possibly  effect  a  mutual  discharge,  as  in  chemical  action, 
and  cohere  in  consequence.     As  an  example,  suppose  steam  to 

change  to  ice.     A  line  of  particles  of  steam,  +  . \- f-  — , 

on  approaching  another  similar  set  of  particles,  may  discharge 

-I-  •  +    -f-  •  -4-    -I-  •  + 

and  together  become _•      On   adding  two 

chains,  one  on  each  side  of  the  former  two,  the  molecules  may 

take  the  form  _  •  _ .  — 

+•+  +•+   +•+ 


+  •+  +•+  +•  + 
the  electric  force  of  the  two  added  lines  passing  through  the 
intervening  particles.  Other  modes  of  superposition  can  be 
imaged ;  and  if  the  hj^othesis  is  true,  it  would  seem  that  some 
others  must  indeed  exist  to  account  for  the  varieties  of  crystalline 
form. 

Now,  since  combination  generates  heat,  and  decomposition 
consumes  heat,  the  same,  according  to  this  theory,  must  take 
place  with  cohesion ;  and  thus  may  be  so  far  explained  the  loss 
of  heat  produced  by  evaporation,  and  its  reproduction  by  con- 
densation*. 

This  hypothesis  will  also  at  once  apply  to  the  production  of 
heat  by  the  friction  of  solids,  at  least  in  some  cases.  For  all  the 
force  expended  in  tearing  the  two  rubbing  surfaces  is,  at  the  first 
separation  of  the  particles,  represented  by  the  electricity  deve- 
loped :  now  if  the  particles  thus  separated,  or  the  sui'faces  to 
which  they  are  attached,  did  not  during  the  process  of  rubbing 
discharge  to  each  other,  clearly  all  the  force  expended  in  friction 
should  appear  as  electricity.  But  from  the  nature  of  the  rubbing 
process,  it  is  impossible  not  to  suppose  that  much  of  the  electri- 
cities produced  do  neu^ti'alize  each  other ;  which  thereby,  as  in 
the  case  of  chemical  combination,  produces  for  the  electricity  its 
equivalent  of  heat. 

An  attempt  was  made  by  Wollaston  to  apply  Davy^s  electro- 
chemical theory  to  the  electricity  of  friction,  This  view,  as 
expounded  by  Faraday,  consists  in  supposing  that  "  dm'ing  the 
act  of  rubbing,  the  particles  of  opposite  kinds  must  be  brought 
more  or  less  closely  together,  tlie  few  which  are  most  favom*ably 
circumstanced  being  in  such  close  contact  as  to  be  short  only  of 
that  which  is  consequent  upon  chemical  combination.  At  such 
moments  they  may  acquire,  by  their  mutual  induction  and  par- 
tial discharge  to  each  other,  veiy  exalted  opposite  states;  and 
when,  the  moment  after,  they  are  by  the  progress  of  the  rub 

*  PhU.  Mag.,  S.4.  vol.  ii.p.  6. 
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removed  from  each  other's  vicinity,  they  will  retain  this  state  if 
both  bodies  be  insulators,  and  exhibit  them  upon  their  complete 
separation*." 

It  appears  to  me  that  this  theory  cannot  be  generally  true ; 
for  by  means  of  it  I  am  unable  to  see  how  it  comes  to  pass,  that 
gases  being  driven  on  solids  ])roducc  no  electricity.  This  excep- 
tion is  all  the  more  worthy  of  attention,  inasmuch  as  gases  arc 
known  to  cohere  with  gi-eat  force  to  some  solids,  as  glass,  char- 
coal and  platinum  ;  and  probably  all  solids  more  or  less  condense 
gaseous  matter.  Now  the  friction  of  gases  on  solids  is  charac- 
terized by  this  remarkable  circumstance,  that  no  pei-manent 
abrasion  of  the  solid  is  produced ;  and  if  a  particle  of  the  adhe- 
rent gas  becomes  torn  from  the  solid,  it  can  be  immediately 
replaced  by  a  similar  particle.  I  conclude  from  this,  that  to 
devclope  frictional  electricity,  there  must  be  some  permanent 
mechanical  division  of  one  at  least  of  the  rubbing  surfaces.  I 
will  now  take  water  as  an  example,  and  endeavour  to  account  for 
the  electricity  produced  by  its  friction,  by  using  the  foregoing 
electro-chemical  theory. 

We  know  from  Prof.  Henry's  experiments,  that  the  cohesion 
exerted  between  particles  of  water  is  very  great ;  perhaps  at  some 
temperatures  the  cohesion  of  water  may  be  even  greater  than 
that  of  ice,  for  ice  is  lighter  than  water.  It  seems,  therefore, 
reasonable  to  regard  the  abrasion  of  water  as  quite  comparable 
with  the  abrasion  of  a  solid.  And  since  the  abrasion  of  water 
always  causes  the  rubber  to  become  negative,  it  is  necessary  to 
suppose,  when  a  mass  of  water  is  in  its  neutral  condition, 
that  the  external  layer  is  negative  with  regard  to  the  next  layer. 
Thus  when  a  drop  of  water  is  in  the  air,  the  order  of  the  alter- 
nations of  the  molecular  layers,  reckoned  from  the  surface,  is 

f-  •  H &c. ;  but  as  each  of  these  layers  contains  more 

particles  than  the  next  below,  some  at  least  of  the  inner  ])articles 
must  be  more  highly  charged  than  the  more  external.  The  pos- 
sibility of  a  particle  receiving  more  than  one  equivalent  of  elec- 
tricity, seems  proved  by  the  existence  of  such  compounds  as 
peroxides  or  perchlorides. 

Let  then  —  • 

+•+   +•+  +•+ 

+•+   +•+   +•+ 

stand  for  a  mass  of  water,  the  inner  molecules  containing  an 
excess  of  plus  electricity  corresponding  to  the  negative  condition 
of  the  outer  layers.  Suppose  that  by  means  of  a  current  of 
steam  or  air  the  upper  layer  of  particles  becomes  removed ;  at 
*  Faraday's  Researches  in  Electricity,  vol.  i.  p.  565. 
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the  first  instant  of  their  removal  they  are ■  —  ;  but 

to  pass  to  the  uncombiaed  state^  they  must  absorb  positive  elec- 
tricit}^  and  become  4 1 1 ,  and  consequently  the  va- 
pour which  has  removed  them  becomes  negatively  electrified. 
The  remaining  mass  of  water  at  the  instant  of  the  removal  of 
the  particles  becomes 

+•+  +•+  +•+ 


+•+  +•+  +•+ 


but  if  any  way  is  open  for  the  escape  of  the  positive  electiicity, 
the  molecules  may  become  at  the  instant  of  the  transmission 


and  finally 


+•+  +■+   +•+ 

+■+   +•+   +•+ 

+•+   +•+  +•+ 


by  the  lower  layer  giving  up  its  positive  charge,  since  by  hj-po- 
thesis  it  must  be  negative ;  while  the  interior  particles  still  con- 
tain the  unrepresented  quantity  of  positive  electricity,  corre- 
sponding to  the  excess  of  represented  negative  electricity.  The 
lower  stratum  of  the  molecules  is  thus  considered  as  resting 
on  a  conducting  body,  as  when  steam  rubs  along  a  wetted  tube; 
and  the  passage  of  the  plus  electricity  from  the  upper  to  the 
lower  particles  of  the  mass  shows  how  electricity  may  pass  through 
a  conductor,  by  means  of  the  alternate  change  of  the  signs  of 
the  particles,  being  an  action  very  analogous  to  electrolysis. 

Theabove  regards  the  particles  of  water  as  polarized  as  wholes — 
and  not  as  containing  positive  hydi'ogen  and  negative  oxygen — 
the  cohesion  of  water  being  thus  considered  as  similar  to  the 
cohesion  of  a  simple  substance.  It  may  be  as  well  for  me  to 
remark,  too,  that  the  before-mentioned  lower  line  of  particles, 

H — \- -\ — \- -\ — h,  in  becoming  — ,  yields  half  of 

its  positive  electricity^  to  the  mass  of  water,  and  the  other  half  to 
the  conductor. 

This  theory  would  lead  one  to  expect,  that  anything  which 
favours  the  divisibility  of  water  will  increase  the  power  with 
which  it  developes  electricity ;  and  accordingly  it  is  found,  that 
electricity  is  more  abundantly  produced  by  the  friction  of  hot 
water  than  by  the  friction  of  cold  water  against  air*.     But  as  it 

*  Phil.  Mag.,  S.  3,  vol.  xxxvi.  p.  507. 
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may  be  supposed  that  the  increased  effect,  which  is  uniformly 
observed  with  hot  water,  may  be  only  the  result  of  an  improved 
insulation,  I  take  the  following  from  the  notes  of  the  experi- 
ments, which  extract  I  omitted  at  the  time  of  publication  as  not 
then  appearing  of  much  importance. 

The  stream  of  water,  by  flowing  along  the  arm  of  the  tin  pipe 
(108.),  produces  a  breeze  through  the  pipe ;  and  the  current  of 
air  thus  carried  forward  must  convey  away  the  negative  elec- 
tricity, as  from  the  circumstances  of  the  experiment  there  is  no 
other  outlet  for  the  negative  electricity.  Accordingly,  on  nearly 
closing  the  orifice  of  the  shorter  arm  of  the  tin  pipe  with  a  bung, 
the  production  of  the  positive  electricity  is  diminished;  and  so 
is  also  the  cuiTcnt  of  air,  which,  however,  continues  to  escape  in 
some  measure  from  the  other  end  of  the  pipe.  This  is  precisely 
similar  to  what  happens  with  an  ordinary  electric  machine,  the 
prime  conductor  of  which  soon  ceases  to  afford  much  electricity 
if  the  negative  electricity  is  retained  on  the  rubber.  Now  I 
observed,  when  cold  water  was  discharged  from  the  fountain, 
that  on  closing  the  shorter  arm  of  the  tin  pipe,  the  quantity  of 
positive  electricity  transmitted  to  the  electrometer  was  scarcely 
diminished,  but  that  with  hot  water  the  effect  was  very  striking. 
The  only  explanation  of  this  is,  I  think,  the  following :  the 
quantity  of  air  which  passed  through  the  tin  pipe  being  the  same 
under  similar  circumstances  with  either  hot  or  cold  water,  that 
with  the  cold  water,  the  air  which  continued  to  escape  after  the 
bung  was  inserted,  was  nearly  sufficient  to  convey  away  all  the 
negative  electricity ;  while  with  the  hot  water  so  much  negative 
electricity  was  produced,  that  the  same  quantity  of  aii'  was  quite 
inadequate  for  its  removal. 

Perhaps  the  reason  why  water  is  always  positive  when  rubbed 
on  a  solid  is,  that  its  particles  are  so  much  more  easily  abraded 
than  that  of  solids,  that  the  abrasion  of  the  solid  takes  no  part 
in  producing  the  electricity,  and  consequently  the  order  of  the 
+  and  —  alternations  of  the  solid  rubber  does  not  enter  into 
the  final  result. 

Although  a  stream  of  air  in  falling  on  a  solid  produces  nothing 
answering  to  abrasion,  yet  it  is  conceivable  that  a  stream  of  air, 
in  flowing  along  such  a  thing  as  a  channel  of  ice,  might  strike 
upon  some  projecting  portions,  and  thereby  produce  such  a  con- 
densation of  air  about  them  as  to  cause  their  liquefaction ;  but 
such  cases,  if  any,  obviously  belong  to  the  abrasion  of  a  fluid, 
and  may  produce  electricity.  The  friction  of  air  in  an  orifice 
may  be  explained  in  a  similar  way.  The  air  suffers  a  condensa- 
tion in  striking  on  the  sides  of  the  orifice ;  and  the  heat  which 
is  produced  by  this  condensation  must  be  more  or  less  absorbed 
by  the  walls  of  the  orifice,  thus  occasioning  a  corresponding 
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diminution  in  the  elasticity  of  the  condensed  volume  of  gas ; 
therefore  the  gaseous  particles,  after  having  undergone  reflexion 
from  the  walls  of  the  tube,  possess  a  lower  velocity  than  that 
which  they  previously  had. 

Dr.  Faraday's  theory  may  perhaps  be  regarded  as  a  particular 
instance  of  this  more  general  theoiy  of  abrasion.  On  bringing 
the  two  surfaces  together,  certain  particles  which  are  most  favour- 
ably circumstanced  may  discharge  to  each  other.  No  frictional 
electi'icity  is  produced  by  this  operation ;  but  the  particles  are 
united  by  cohesion,  and  could  remain  thus  combined  for  an  inde- 
finite period  without  interfering  with  the  subsequent  process, 
which  consists  in  the  rending  of  these  two  sets  of  particles  from 
each  other,  and  which,  as  in  other  instances  of  permanent  abra- 
sion, developes  the  electricity.  The  following  appears  to  be  an 
example  of  this  process,  and  there  are  plenty  of  the  same  sort. 
Place  melted  sealing-wax  on  a  glass  plate — this  brings  the  two 
surfaces  so  near  together  that  they  discharge  and  cohere;  on 
rending  the  sealing-wax  from  the  glass,  the  electricity  is  de- 
veloped. 

The  production  of  hail  cannot  generally  be  unaccompanied 
with  the  development  of  electricity.  We  know  from  Dr.  Waller's 
observations,  that  hail  at  one  period  of  its  formation  consists  of 
conglomerations  of  snow  mingled  with  water.  As  long,  there- 
fore, as  the  sm'face  remains  moist,  the  particles  of  water  can  be 
torn  away  by  the  wind ;  and  it  is  even  probable,  from  the  solidity 
of  the  mass,  that  the  abrasion  from  the  sm'face  of  a  partially 
frozen  hail-stone  may  be  even  greater  than  if  the  whole  mass 
was  water  at  the  same  temperature. 

7  Prospect  Place,  Ball's  Pond  Road, 
November  19,  1851. 


VII.   On  the  Heat  of  Chemical  Combination. 
By  Thomas  Woods,  3I.D. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Parsonstown,  Dec.  1851. 

(13.)  TTAVING  proved  experimentally  in  my  paper  in  this 
-tl  ]\Iagazine  of  last  October,  "  that  the  decomposition 
of  a  compound  body  occasions  as  much  cold  as  the  combination  of 
its  elements  originally  produced  heat,"  I  will  now  premise  my 
theory  of  the  cause  of  the  heat  of  chemical  combination  by  a  few 
remarks  on  the  Molecular  Constitution  of  Matter. 

If  we  take  two  equal  cubes  of  any  substance,  iron  for  example, 
one  heated  to  1000°  C,  the  other  at  0°,  and  place  them  together, 
we  find  that  the  former  contracts  and  the  latter  expands  until 
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they  come  exactly  to  the  same  condition  with  respect  to  the 
distance  between  their  particles ;  but  we  shall  also  see  that  the 
cube  which  contracted  lost  more  space  than  was  gained  by  the 
other.  The  coefficient  of  expansion  increasing  with  the  tempe- 
rature, there  must  be  more  space  lost  from  1000°  to  500^  than 
gained  from  0°  to  500°. 

If,  instead  of  tlie  colder  cube  of  iron  we  substitute  a  cube 
of  ice,  we  find  that  the  ice  expands  until  it  reaches  its  melting- 
point;  it  then  becomes  fluid,  and  ultimately  is  converted  into 
vapour ;  its  expansion  in  the  last  case  being  enormously  greater 
than  the  contraction  of  the  iron  which  occasions  it. 

(14.)  Now  what  do  we  learn  from  this  experiment  ? 

1.  That  if  two  bodies  unequally  heated  be  placed  together, 
contraction  occurs  in  one,  expansion  in  the  other,  until  their  par- 
ticles are  at  a  common  distance,  proving  that  heat  cannot  con- 
sist m  MOTION  abstractedly  considered;  for  the  pai-ticles  of  the 
cooling  body  move  as  well  as  those  of  the  body  becoming  heated, 
but  in  an  opposite  direction ;  therefore  it  would  be  as  correct  to 
say  that  heat  is  absorbed,  as  to  say  it  is  produced  by  motion. 

2.  That  the  theory  of  heat  being  a  subtle  fluid  gives  no  ex- 
planation of  expansion ;  for  we  see  that  this  fluid  should  itself 
expand,  as  when  converting  the  water  into  steam  it  occupies  a 
much  greater  space  than  it  did  in  the  iron ;  therefore,  although 
it  might  be  said  that  heat  expands  bodies,  we  should  still  inquire, 
what  expands  the  heat  ? 

3.  That  the  nearer  the  particles  of  bodies  are  to  each  other, 
the  less  they  require  to  move  to  produce  a  given  expansion  or 
contraction  in  those  of  another  body. 

(15.)  As  far  as  either  of  these  two  bodies,  taken  by  itself,  is 
concerned,  all  we  see  is,  that  for  eveiy  temperature  it  has  a  cer- 
tain volume,  a  constant  volume  for  a  constant  temperature ;  and 
as  far  as  our  experiments  enable  us  to  judge,  any  body  taken  by 
itself,  that  is,  uninfluenced  by  others,  would  always  x-emain  at 
the  same  temperature,  ^^dth  the  same  degree  of  expansion  among 
its  particles ;  for  instance,  a  body  will  not  expand  or  become 
hotter  without  some  other  body  more  heated  than  itself  being 
present ;  and  as  far  as  om'  experimental  knowledge  goes,  a  body 
cannot  cool  without  some  colder  one  taking  up  the  heat.  I  say, 
as  far  as  oui*  experimental  knowledge  goes,  for  theoretically  a 
body  is  said  to  give  off  its  heat  independent  of  the  presence  of 
other  bodies,  and  it  is  taken  for  granted  that  heat  can  be  radiated 
into  space  and  exist  uncombined  with  matter ;  but  we  have  no 
pj'oofoi  it.  As  far  then  as  our  experience,  our  positive  knowledge 
allows  us  to  go,  we  must  admit  that  the  particles  of  bodies  are 
placed  at  certain  distances  from  each  other ;  that  they  have  no 
power  to  move  themselves,  inasmuch  as  the  presence  of  a  second 
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body  is  always  necessaiy ;  and  hence  that  zve  might  altogether 
dispense  with  the  idea  of  attractions  and  repulsions  between  the 
particles  of  matter. 

(16.)  But  if  these  "forces"  do  not  exist,  if  the  particles  of 
matter  are  passive  with  respect  to  each  other,  what  is  their  bond 
of  union  ?  what  makes  them  cohere  ?  A  little  consideration 
shows  us  that  no  change  occurs  in  one  direction  only ;  no  change 
in  the  conditions  of  matter  or  motion  takes  place  without  an 
opposite  one  being  produced  at  the  same  time ;  hence  what  is 
called  cause  and  effect,  action  and  reaction,  &c.,  one  being  always 
accompanied  by  the  other.  However  disguised  its  opposite  may 
be,  still  for  even*  change  an  opposite  must  exist.  Grove's  "cor- 
relation of  forces,"  although  not  intended  to  demonstrate  this 
principle,  offers  many  instances  of  it.  We  cannot  set  a  body  in 
motion  without  producing  rest  oi*  opposite  motion  in  some  other 
body  j  we  cannot  elevate  a  weight  without  depressing  the  earth ; 
we  cannot  warm  one  body  without  cooling  some  other.  No  matter 
what  is  done,  reflection  will  bring  us  to  admit  that  some  opposite 
change  takes  place ;  that,  in  fact,  to  produce  any  result,  a  cer- 
tain ])ower  must  be  employed,  and  this  power  when  analysed  is 
equal  and  opposite  to  the  work  done.  Now  if  we  apply  this  first 
principle  to  the  expansion  and  contraction  of  bodies,  what  need 
have  we  of  any  such  powers  as  attractions  and  repulsions  between 
the  particles  ?  If  one  body  expand,  some  other  should  contract ; 
motion  in  one  dii'ection  requiring  motion  in  the  reverse.  Joining 
this  truth  therefore  with  what  is  palpable,  that  for  all  tempera- 
tures bodies  have  a  certain  fixed  volume,  or  that  a  relation  exists 
between  matter  and  the  space  it  occupies,  and  consequently  a 
relation  between  the  volumes  of  different  substances,  we  see  that 
it  is  of  no  consequence  how  devoid  of  action  the  particles  of  the 
same  bodies  may  be  on  each  other.  Not  only  they  must  cohere, 
but  at  first  sight  it  would  appear  impossible  to  produce  expan- 
sion or  contraction  at  all ;  for  to  compress  or  expand  a  piece  of 
iron  for  instance,  not  only  must  an  opposite  effect  be  produced 
in  some  other  body,  but  all  other  matter  reacts  to  keep  up  the 
relation  which  should  exist  between  the  volumes.  But  we  also 
see  that  if  by  any  means  we  could  produce  contraction,  a  coiTe- 
sponding  expansion  must  result  among  other  bodies. 

(17.)  As  I  said  above,  I  believe  the  only  argument  in  favour  of 
radiation  of  heat  into  space,  or  contraction  without  corresponding 
expansion,  is  that  the  earth  is  said  to  radiate.  We  have  unfor- 
tunately no  means  of  testing  its  truth  experimentally.  We  have 
however  an  indirect  method  of  proving  that  bodies  do  not  part 
with  volume  without  an  accompanying  increase  in  some  other ; 
for  let  a  gas,  suppose,  or  any  other  substance,  be  made  to  con- 
tract by  pressm-e,  however  small  this  contraction  may  be,  we 
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find  heat  or  expansion  in  other  bodies  is  produced.     All  our 
powers  cannot  coin])ress  a  body  beyond  the  limit  where  other 
bodies  take  uj)  the  volume  it  loses ;  and  if  we  fail  to  cause  a  body 
to  contract  without  this  corresponding  expansion,  is  it  probable 
a  body  can  of  itself  part  with  its  heat  or  become  smaller,  inde- 
pendent of  the  expansion  that  is  generated  when  pressure  is  used? 
(18.)  The  liquefaction  of  the  gases  by  Faraday  will  illustrate 
my  meaning  practically.     When  pressure  was  first  applied  to 
some  of  the  gases  in  order  to  liquefy  them,  no  other  effect  than 
a  diminution  of  volume  to  a  comparatively  small  extent  was  pro- 
duced, the  solid  bodies  surrounding  the  gas  being  capable  of 
taking  up  the  volume  lost  by  it  only  to  a  limited  extent.     Solid 
carbonic  acid  and  tether  being  now  placed  in  the  vicinity  of  the 
gas,  and  their  volume  at  the  temperature  employed,  or  when 
gaseous,  being  so  enormous  compared  with  the  state  of  solidity, 
expansion  to  an  immense  extent  went  on,  the  correspondmg  con- 
traction being  supplied  by  the  gas  under  pressure,  and  conse- 
quently,   both   changes  having   been  -provided  for,    success  was 
obtained.     This  experiment  proves, — 1st,  that  the  contraction 
of  the  gas  could  not  go  on  without  the  corresponding  expan- 
sion;   2nd,  that  the  carbonic  acid  in  expanding  took  away  a 
like  amount  of  contraction;  and  3rd,  that  as  both  expansion 
and  contraction  require  an  opposite  change  to  be  going  on  at 
the  same  time,  they  cannot  be  due  either  to  attraction  or  repulsion. 
(19.)  Just  to  fix  my  ideas  more  firmly  in  the  mind,  I  will  say, 
I  do  not  believe  the  nebular  hypothesis  to  be  correct.    It  assumes 
the  nebulae  to  be  in  a  state  of  vapour  or  mist,  gradually  con- 
tracting to  form  stars.     Now  if  no  other  body  sufficiently  large 
be  expanding  so  as  to  produce  the  opposite  effect,  it  is  contrary 
to  all  our  other  experience  if  such  contraction  take  place. 

I  believe  our  atmosphere  is  limited  in  extent,  as  it,  as  well  as 
all  other  bodies,  has  a  certain  volume,  just  as  I  believe  steam  can 
expand  to  a  limited  distance  if  relieved  from  all  pressure,  this  di- 
stance corresponding  with  the  amount  of  contraction  suffered  by 
the  body  which  heated  it. 

And  I  think,  if  we  admit  that  the  particles  of  matter  only  move 
as  they  are  influenced  by,  or  rather  as  they  are  accompanied 
with,  an  opposite  movement,  and  not  by  any  force  exerted  be- 
tween themselves,  we  have  a  beautiful  proof,  not  only  of  the 
stability  of  our  system,  but  that  the  arrangements  of  matter 
never  could  have  exceeded  their  present  limits ;  that  no  meeting 
by  chance  of  atoms  in  space  could  occur;  that  d\\ power,  as  well 
as  all  matter,  has  been  supplied  by  the  existing  state  of  things, 
inasmuch  as  nothing  can  be  accomplished  without  its  opposite. 
Nothing  therefore,  neither  force  nor  matter,  can  be  added  or 
taken  away  ;  everything  seems  to  have  come  literally  "  finished" 
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from  the  hands  of  the  Creator.  I  do  not  speak  theologically  j 
but,  philosophically  considered,  the  molecular  constitution  of 
matter  proves  that  the  present  arrangement  of  things  must  have 
existed  since  their  formation. 

(20.)  I  do  not  think  then  that  it  is  necessaiy  to  suppose  an 
attraction  exists  between  the  particles  of  bodies  to  account  for 
their  coherence ;  and  as  to  repulsion,  to  account  for  the  dilata- 
tion of  a  gas  when  pressure  is  removed,  I  think  it  not  only  un- 
necessary, but  inconsistent  when  applied  to  different  cases.  For 
instance,  it  is  generally  imagined  repulsion  is  the  only  force 
operating  in  gaseous  bodies,  whether  this  repulsion  is  attributed 
to  that  force  existing  in  the  particles  of  matter  themselves  in  the 
state  of  gas,  or  resulting  from  the  repulsive  power  of  the  sup- 
posed subtle  fluid,  heat.  Allien,  however,  a  cold  body  is  placed 
in  contact  with  steam,  the  steam  is  condensed  into  water.  How 
could  such  a  change  take  place  according  to  the  usually  received 
theory  ?  Suppose  even  that  the  cold  body  abstracted  the  heat, 
what  is  to  bring  the  particles  of  steam  together  ?  There  is  no 
attraction ;  in  fact  there  is  nothing  to  account  for  it.  If,  how- 
ever, we  attend  to  the  circumstance,  that  as  much  expansion  as 
is  lost  by  the  steam  is  taken  up  by  the  iron,  that  is,  relatively  to 
the  space  they  occupy,  we  can  at  once  see  that  at  the  temperatui'e 
attained  by  the  two  bodies  when  in  contact,  each  possesses  a  de- 
finite btdk,  and  that  the  one  supplies  the  opposite  movement  to 
enable  the  other  to  gain  this  certain  volume.  But  the  subject 
of  attractions  and  repulsions  is  admittedly  full  of  inconsistencies ; 
the  theory, or  rather  the  observed  factswhich  I  bring  fon\-ard,show 
they  are  not  necessary.  I  offer  no  theoiy  to  account  for 
the  cause  of  contraction  and  expansion  requii'ing  to  be  accom- 
panied by  each  other,  or  why  they  are  present  in  different  bodies. 
It  is  a  final  cause,  and  as  such,  I  believe,  can  never  be  explained ; 
and  the  less  we  add  hypothetical  fluids  and  forces  to  the  phseno- 
mena  we  witness,  the  better  I  believe  we  shall  understand  what 
takes  place.  I  will  just  mention,  that  in  the  Supplementary 
Number  of  this  Journal  for  June  last,  a  paper  from  Mr.  Rankine 
shows  that  "  the  compressibility  of  water  varies  according  to  the 
same  law  \\  ith  that  of  a  gas ;"  and  this  affords,  when  properly 
considered,  a  reason  that  we  should  not  attribute  repulsion  to 
the  particles  of  a  gas,  if  not  to  water. 

(20*.)  If  pressm-e  be  removed  from  a  gas,  it  expands  for  the 
same  reason  that  a  cold  body  expands  in  the  ^dcinity  of  a  hot 
one,  viz.  to  attain  the  relation  that  must  exist  between  its  volume 
and  that  of  surrounding  bodies ;  and  as  the  hot  body  contracts 
in  proportion  to  the  expansion  of  the  cold  one,  so  do  the  sur- 
roimding  bodies  contract  in  proportion  to  the  expansion  of  the 
gas.    When  the  two  bodies  are  solid,  the  contraction  of  the  hot 
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one  being  the  more  apparent  effect,  the  clianges  are  ascribed  to 
ATTRACTION  ;  but  whcn  one  body  is  gaseous,  expansion  being 
the  more  j)erceptible  action,  the  changes  are  said  to  be  owing  to 
REPULSION.  These  changes,  however,  manifestly  result  from 
the  same  cause  in  both  cases — the  law  that  relative  volumes  must 
be  attained,  and  opposite  movements  simultaneously  exist. 

(21.)  I  showed  in  (14.)  that  the  nearer  the  particles  of  a  body 
are  to  each  other,  the  greater  expansion  or  contraction  do  they 
compensate  in  other  bothes  by  a  reverse  movement ;  so  that  if 
we  could  compress  iron,  suppose  at  32°  F.,  ever  so  little,  it  would 
occasion  a  great  increase  in  the  bulk  of  a  gas.  We  also  saw, 
that  the  further  out  the  particles  were  removed,  the  greater  the 
distance  they  afterwards  moved  for  the  same  amount  of  contrac- 
tion in  another  body ;  or,  in  other  words,  that  the  volume  gained 
by  any  body  in  compensating  a  contraction  depended  on  the 
volume  it  already  possesses.  Let  us  see : — does  this  rule  hold 
good  in  all  the  expansions  of  bodies  ? 

(22.)  All  liquids  in  becoming  gases  expand  inversely  as  their 
atomic  volume,  or  some  multiple  of  it. — This  law  I  thought  I  dis- 
covered, but  found  on  consideration  it  resulted  as  a  matter  of 
course  from  the  equality  of  combining  volumes  of  gases ;  for  if 
the  volumes  of  the  combining  proportion  of  two  gases  are  equal, 
their  expansion  from  their  liquid  state  must  be  inversely  as  their 
liquid  volume.  The  smaller  the  one  was  in  a  liquid  state,  the 
greater  its  expansion  to  make  it  equal  to  the  other  in  the  gaseous. 
But  the  smaller  the  atom  is,  the  greater  the  space  for  equal  sizes ; 
therefore  the  greater  the  space  between  the  particles,  the  greater 
the  expansion  when  a  liquid  becomes  a  gas.  We  saw  the  same 
law  in  the  expansion  of  solids  (14.). 

(23.)  AVhcn  a  solid  becomes  a  liquid,  it  is  not  so  easy  to  tell 
the  amount  of  expansion  on  account  of  crystallization,  &c.  influ- 
encing the  result.  But  what  is  called  the  latent  heat,  that  is, 
the  volume  of  expansion  necessary  for  the  change  of  state,  reveals 
the  distance  the  particles  separate;  and  Person  has  shown 
[Comptes  Rendus,  vol.  xxiii.  p.  162)  that  this  depends  on  the  di- 
stance of  the  fusing-point  from  a  certain  number  of  degrees  be- 
low zero ;  or  in  other  w^ords,  the  higher  the  fusing-point,  the 
greater  the  expansion :  the  amount  of  expansion  when  a  solid 
becomes  a  liquid  depends  therefore  on  the  degree  of  expansion 
existing  already  in  it.  Person  has  also  shown  {Comptes  Rendus, 
vol.  xxiii.  pp.  327,  524),  that  the  researches  of  Favre  and  Silber- 
man  prove  that  the  latent  heat  of  vapours  is  as  their  expansion. 
These  two  paragraphs,  (22.)  and  (23.),  show  that  the  expansion  into 
liquids  or  gases  follows  the  same  law  as  the  expansion  of  a  solid. 
(24.)  Another  law  connected  with  the  expansion  of  liquids  and 
solids  into  gases,  and  one  which  has  hitherto  been  unnoticed^  is 
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tliat  the  amount  of  e.vpaasion  of  compoutid  bodies,  when   chanying 

from  one  state  to  another,  us  from  a  liquid  to  a  yus,  is  determined 

by  ONE  of  the  elements  only.     For  instance,  the  atomic  volume  of 

9 
the  vapour  of  water  is  ■      -^  =  say  14 :  here  there  is  only  one 

pi'oportion  of  oxygen.     The  vapour  of  jether  has  for  its  atomic 

volume  ^^  =  say  14,  and  in  it  there  is  only  one  proportion  of 

oxygen  also.     Now  alcohol  has  two  proportions  of  oxvgen,  and 

.46 
the  volume  of  the  combining  atom  is   ::-— =  say  28,  or  twice  14, 

showing  twice  the  expansion  that  occm'red  in  the  other  cases.  In 
raethylic  tether  and  acetone  there  is  only  one  proportion  of  oxygen, 
and  their  atomic  volume  is  expressed  by  14;  but  in  p\  roxylic  spirit, 
and  all compouuds having  more  than  one  proportion, notwithstand- 
ing the  diversity  of  their  compcsition,  the  atomic  volume  is  28.  In 
the  same  way,  the  mercuiy  in  calomel  is  twice  the  mercury  in 
the  bichloride,  and  the  atomic  volume  of  the  vapour  of  the  former 
is  twice  that  of  the  latter,  the  chlorine  not  influencing  the  result : 

the  atomic  volume  of  vapour  of  calomel  is  ~;       =  say  28,  that  of 

1360  . ' 

bichloride  of  mercuiy  -qT7  =  say  14.  In  nitrous  oxide  and  nitric 

oxide  the  same  circumstance  is  obsened  :  indeed  in  all  cases  of 
expansion  of  solids  or  liquids  into  gases  this  law  holds  good. 
It  is  an  interesting  subject  of  inquiiy,  whether  the  same  law 
influences  the  expansion  of  solids  and  liquids  when  not  changing 
their  state.  It  would  anticipate  the  result  of  some  investigations 
I  am  making  on  the  change  of  solids  and  liquids  into  gas  to  say 
more  at  present  than  what  is  contained  in  this  paragraph  (24.). 
However,  enough  has  been  said  to  show,  by  combining  it  with 
(22.),  (23),  &c.,  that  bodies  when  expanding  or  contracting  gain 
and  lose  definite  volumes  depending  on  their  previous  state ;  that 
the  expansions  and  contractions  of  different  bodies  which  always 
accompany  each  other  have  a  fixed  relation,  or  in  other  words, 
the  same  amount  of  expansion  or  contraction  in  one  body  from  the 
same  state  is  always  accompanied  by  a  fixed  amount  of  opposite 
motion  in  another ;  and  that  in  compound  bodies,  in  cases  ichere 
the  expansions  and  contractions  are  best  marked,  as  in  changing 
their  states,  these  expansions  and  contractions  depend  for  their 
amount  on  only  one  of  the  elements. 

(25.)  Now  before  applying  these  principles  to  the  explanation 
of  the  heat  of  chemical  combination^  I  will  notice  that,  even  in 
what  is  called  attraction  of  gi-avitation,  equal  and  opposite  motion 
exists — in  this  case  between  the  masses,  as  in  what  is  called 
the  attraction  of  cohesion  between  the  particles.  I  allude  to  it 
here  to  speak  of  a  circumstance  to  which  I  will  refer  bv  and  by. 
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It  is  tlmt  the  limit  of  the  approach  of  the  masses  is  determined 
by  the  state  of  expansion  amon<i;  the  ])articles ;  or,  if  two  bodies 
are  heated,  their  partieles  exjiand,  and,  when  in  ai){)roximation, 
they  recede  from  each  other.  Many  experiments  show  this  fact. 
The  most  ek'gant  is  that  of  Dr.  Powell's  with  the  two  pressed- 
together  pieces  of  convex  glass,  in  which  the  alteration  of  Newton's 
rings  by  heat  shows  the  recession  of  the  glasses  from  each  other. 

(26.)  The  following,  then,  is  the  theory  I  offer  to  account  for 
the  heat  or  expansion  produced  when  bodies  chemically  com- 
bine. Seeing  that  the  approximation  of  any  particles  is  always 
attended  by  an  expansion  in  others,  and  vice  versa,  it  might 
almost  be  said  the  two  op])Osite  movements  being  one  and  the 
same, — seeing,  too,  that  chemical  combinations  produce  exjnin- 
sions  in  bodies,  and  chemical  decompositions  the  reverse  (12.), 
am  I  not  justified  in  saying  that  the  heat  of  chemical  combina- 
tion, or  the  expansions  it  occasions  in  other  bodies,  results  as  a 
matter  of  course  from  the  approximating  of  the  particles  ivhich 
form  the  compound  body  ?  just  as  the  approximation  of  the  ])ar- 
ticles  of  one  piece  of  iron  causes  those  of  another  to  separate. 
The  accompanying  diagram  will  explain  my  meaning.  Let  O 
and  0  be  two  particles  of  oxygen,  and  I  and  I  two  particles  of 
iron.    We  know^  that  when  0  and  0,  or  a 

I  and  I,  move  in  the  direction   of  the        ^ ^  ^ «r, 

arrow^s  at  A,  that  is,  when  iron  or  oxygen         r^       r^   f 
contracts,  expansion  or  heat  in  other  bodies         '— -'       ' — '    | 

is  the  consequence.     Now  why  not  extend         i 

the  same  principle  to  the  case  where  O         [_ij       [j^   T 
and  1  approximate,  or  the  ])articles  move  * 

in  the  direction  of  the  arrows  at  B  ?     I 

must  remark,  that  as  two  pieces  of  iron  at  sensible  distances 
coming  together  do  not  cause  heat  or  expansion  in  other  bodies, 
so  the  oxygtn  and  iron  require  to  form  one  body  before  the 
coming  togther  of  their  particles  produces  a  like  effect.  Bodies 
may  be  mechanically  mixed,  and  not  give  rise  to  heat  or  expan- 
sion ;  but  the  instant  they  form  one  body,  or  are  at  insensible 
distances,  then  they  act,  as  far  as  the  movement  of  their  par- 
ticles is  concerned,  exactly  as  if  the  one  body  they  form  were 
composed  of  like  particles. 

(27.)  The  heat  of  chemical  combination  is  thus  looked  on  as 
produced  exactly  in  the  same  way  that  heat  is  produced  by  a 
simple  body  whose  temperature  is  higher  than  surrounding 
ones;  in  the  latter  case  the  partieles  come  together  just  as 
they  do  when  different  j)articles  combine  in  chemical  union, 
but  not  to  the  same  extent,  consequently  do  not  give  rise  to 
the  same  amount  of  heat  or  expansion  in  other  bodies  (M.). 
The  reason  why  the  particles  come  together  when  a  chemical 
compound  is  formed  has  nothing  to  do  with  our  present  in- 
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quiry,  as  we  are  only  looking  for  the  cause  of  the  heat  pro- 
duced in  chemical  combination,  not  for  the  cause  of  the  com- 
bination itself.  I  have  no  doubt,  however,  but  that  the  clue  to 
the  proper  understanding  of  chemical  combination  lies,  not  in 
any  attractions  and  repulsions  of  particles,  but  in  the  preserva- 
tion of  the  balance  between  the  distances  of  these  particles  of 
which  I  have  spoken  above.  And  if  we  can  extend  the  laws  that 
regulate  the  phfcnomena  obsened  among  simple  bodies  to  their 
combinations,  we  have,  I  think,  gained  much.  "We  divest  chemi- 
cally combining  particles  of  all  mysterious  influences,  such  as  ca- 
loric, investing  atmospheres  of  electro-negative  andelectro-positive 
fluids,  &c.,  and  look  on  them  only  as  particles  of  matter  influenced 
by  external  circumstances,  and  seeing  the  causeof  their  adherence, 
not  in  attraction,  but  in  the  closeness  with  which  they  are  placed  to 
each  other,  and  the  absence  of  an  equal  and  opposite  movement 
among  other  particles  which  should  accompany  their  separation. 

(28.)  The  expansion  among  the  particles  of  somebodies  when 
combination  takes  place,  such  as  in  the  formation  of  carbonic 
acid,  the  explosion  of  gunpowder,  &c.,  w'ould  seem  to  show  that 
exjjansion  is  sometimes  accompanied  with  heat ;  but  this  expan- 
sion is  effected,  not  between  the  bodies  combining,  as  between 
the  oxygen  and  carbon,  but  between  the  compound  particles,  as 
between  those  of  the  carbonic  acid.  And  this  expansion  is  not 
without  its  effect — it  produces  cold;  for  the  heat  produced  by 
combination  is  not  so  great  when  the  resulting  compound  is  a 
gas  or  liquid,  as  when  it  is  a  solid.  For  instance,  when  oxy^gen 
combines  with  hydrogen  and  forms  water,  the  heat  produced 
amounts  to  43  units;  but  when  it  unites  with  zinc,  the  oxide  of 
zinc  being  a  solid,  the  heat  amounts  to  53  units.  A\hen  oxj'gen 
and  phosphorus  combine  and  form  a  solid  compound,  the  heat 
evolved  is  nearly  t\nce  as  much  as  when  they  give  rise  to  a 
gaseous  one.  The  difference,  however,  does  not,  I  think,  entirely 
result  from  the  distances  between  the  compound  particles  of  the 
two  oxides  of  phosphorus  being  unequal,  but,  as  I  have  shown 
(25.),  that  the  amount  of  expansion  between  the  masses  and 
particles  of  which  they  are  composed  react  on  each,  or  deter- 
mine each  other's  limits ;  so  if  the  distance  between  the  par- 
ticles of  the  compound,  water,  be  greater  than  that  between  the 
particles  of  oxide  of  zinc,  may  it  not  cause  the  particles  of  the 
oxygen  and  hydrogen  to  be  further  apart  than  the  particles  of 
the  oxygen  and  zinc,  and  consequently  be  productive  of  le?s  ex- 
pansion or  less  heat  in  other  bodies  ? 

(29.)  My  theory  of  the  molecular  constitution  of  matter,  and 
assimilation  of  the  expansions  and  contractions  of  bodies,  with 
chemical  combination,  from  which  I  make  them  only  diff"er  in 
degree,  and  that  in  the  latter  case  the  contractions  take  place 
between  different  bodies,  leads  to  Berthollet's  view  of  chemical 

E2 
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action,  viz,  that  affinity  depends  on  external  circumstances.  It 
would  be  needless  to  quote  the  many  instances  by  which  this 
idea  is  verified — instances  in  which  the  |)ower  to  combine  between 
substances  is  altogether  destroyed  or  heightened,  according  to 
the  circumstances  in  which  they  are  placed.  It  will  be  found 
that  in  proportion  as  the  two  opposite  effects  are  provided  for, 
so  will  bodies  combine,  just  as  condensation  or  expansion  can  be 
accomplished,  as  the  reverse  is  made  easy.  The  objection  that, 
because  chemical  action  changes  the  properties  of  bodies,  it  can- 
not be  a  mere  mechanical  one,  does  not,  I  think,  hold  good.  An 
acid  and  alkali  combining  neutralize  each  other's  previous  effect, 
and  an  innocuous  compound  results ;  but  their  properties  are  not 
changed.  If  we  take  a  certain  quantity  of  steam  and  of  ice,  one 
will  scald,  the  other  freeze — one  is  solid,  the  other  gaseous. 
When  mixed,  the  compound  is  innocuous,  and  neither  solid  nor 
gaseous ;  yet  it  must  be  admitted  that  it  is  a  mechanical  mixture. 
(30.)  I  would  remark,  before  summing  up,  that  not  only  does 
the  approximation  of  diverse  particles,  as  in  chemical  combina- 
tion, assimilate  in  the  effect  it  produces,  the  contraction  of  like 
particles  in  the  same  body,  but  that,  as  Ave  noticed  in  (.24.),  the 
amount  of  expansion  or  contraction  in  certain  cases  depended  on 
ONE  of  the  elements  only,  so  in  chemical  combinations  one  ele- 
ment determines  the  amount  of  heat  or  expansion  also;  for 
instance,  oxygen  uniting  with  several  combustibles  gives  the 
same  amount  of  heat ;  the  same  base  always  produces  the  same 
quantity  of  heat,  no  matter  how  different  the  body  may  be  with 
which  it  unites  ;  these  analogies  between  the  conduct  of  the  par- 
ticles of  the  same  body,  and  that  of  particles  of  a  diverse  nature, 
adding  to  the  proof  that  the  theory  I  advance  to  account  for  the 
heat  of  chemical  combination  is  the  true  one. 

(31.)  I  have  endeavoured  to  condense  as  much  as  possible  into 
a  reasonable  limit,  but  I  am  afraid  I  have  taken  up  too  much 
space,  I  will  therefore  sum  up  briefly  what  I  think  I  have  pro\ed. 
That  there  is  a  balance  between  the  distances  of  the  particles 
of  all  matter,  these  distances  being  different  for  different  bodies. 
That  to  preserve  this  balance,  motion  among  the  particles  of 
one  body  cannot  be  effected  without  a  relatively  equal  and  oppo- 
site one  in  some  other. 

That  in  contractions  and  expansions,  as  the  volume  gained  or 
lost  has  a  relation  to  the  volume  already  possessed  by  the  body, 
an  extensive  movement  among  particles  far  apart  compensates  a 
small  one  among  those  which  are  close  together. 

That,  therefore,  when  j^articles,  though  of  an  opposite  nature, 
come  together  in  chemical  combination,  the  particles  of  other 
bodies  must  expand  to  supply  the  opposite  effect ;  and  when 
these  chemically  combined  particles  separate  in  decomposition, 
a  contraiT  movementj  or  contraction,  or  cold  is  produced. 
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That  these  propositions  having  been  proved^  show  that  the 
heat  produced  by  chemical  combination,  or  the  expansion  occa- 
sioned by  it  among  the  particles  of  bodies,  differs  in  nothing  from 
that  occasioned  by  the  contraction  of  like  particles  ;  that  in  both 
cases  the  resulting  heat  or  expansion  in  other  bodies  is  merely 
the  necessary  effect,  or  rather  accompaniment  of  the  contraction 
going  on  in  the  combining  or  contracting  ones. 

And  that  the  analogy  between  the  approximating  of  particles 
in  chemical  combination,  and  that  of  those  of  a  cooling  body, 
extends  also  to  other  particulars. 

VIII.   On  the  Cause  of  the  Aberration  of  Light. 
By  Professor  Challis. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen, 

IN  page  568  of  the  Supplementary  Number  of  the  Philoso- 
phical ^lagazine  for  December,  the  following  passage  occurs 
in  an  extract  from  the  Comptes  Rendus  of  the  French  Academy 
for  September  29,  1851  : — "Many  hypotheses  have  been  pro- 
posed to  account  for  the  phfenomena  of  aberration  in  accordance 
with  the  doctrine  of  undulations.  Fresnel,  in  the  first  instance, 
and  more  recently  Doppler,  Stokes,  Challis,  and  many  others, 
have  published  memoirs  on  this  important  subject;  but  it  does 
not  seem  that  any  of  the  theories  proposed  have  received  the 
entire  assent  of  physicists.  In  fact,  the  want  of  any  definite 
ideas  as  to  the  properties  of  the  luminous  sether  audits  relations 
to  ponderable  matter,  has  rendered  it  necessary  to  form  hj'po- 
theses,"  &c.  As  it  might  be  supposed  from  this  statement,  that, 
in  common  with  others,  I  had  attempted  to  account  for  the 
aberration  of  light  on  certain  hypotheses  respecting  the  sether,  I 
beg  permission  to  say  a  few  words  for  the  purpose  of  correcting 
such  a  misapprehension. 

In  what  I  have  written  on  aberration,  I  have  expressly  main- 
tained that  the  phtenomeuon  may  be  explained  by  known  facts, 
without  making  any  hypothesis  whatever,  and  independently  of 
any  theory  of  light.  As  all  that  is  essential  in  the  explanation 
I  have  given  on  these  principles  admits  of  being  condensed 
within  a  very  small  compass,  and  as  by  exhibiting  it  I  shall  best 
attain  the  object  of  this  Note,  I  propose  to  reproduce  it  here, 
after  making  one  preliminary  remark.  The  first  attempts  to 
explain  aberration  took  account  of  the  course  of  the  ray,  and  only 
one  point  on  its  course  which  partakes  of  the  earth^s  motion, 
namely,  the  eye  of  the  spectator.  The  explanation  I  have  pro- 
posed takes  account  of  tico  such  points.  This  addition,  however 
simple  it  may  appear,  removes  all  the  obscurity  attaching  to  the 
original  explanations.  The  two  points  selected  were  the  eye  of 
the  spectator,  or  rather  the  point  of  the  eye  through  which  the 
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axes  of  all  rays  pass,  and  the  point  where  the  course  of  the  ray 
intersects  the  wire  of  the  telescope.  It  would  answer  the  pur- 
pose equally  well,  and  would  perhaps  he  more  distinct,  to  select 
with  the  latter  point  the  optical  centre  of  the  ohject-glass, 
through  which  the  axes  of  all  rays  incident  upon  the  object-glass 
from  a  star  necessarily  pass. 

Let  0  be  the  position  m  space  of  the  optical  centre  of  the 
object-glass  at  the  instant  when  light  from  a  star  passes  through 
it,  and  let  W  be  the  position  in  space  of  the  point  of  the  wire  on 
which  the  same  portion  of  light  impinges.  As  it  is  a  known 
fact  that  light  near  the  earth's  surface  travels  through  small 
spaces  sensibly  in  straight  lines,  the  straight  line  joining  0  and 
W  is  the  com'se  of  the  ray  in  space.  As  it  is  also  a  known  fact 
that  light  occupies  time  in  passing  from  one  point  of  space  to 
another,  the  optical  centre  of  the  object-glass  is  carried  by  the 
earth's  motion  to  some  position  -cj,  during  the  transit  of  the 
light  from  0  to  W.  Now  the  instrument  to  which  the  telescope 
is  attached  necessurily  determines  the  direction  of  the  ray  to  be 
the  straight  line  joining  the  two  points  -ar  and  W,  through  which 
it  is  known  that  the  ray  has  passed.  For  these  are  points  of  the 
instrument ;  and  that  which  the  instrument  performs  is,  to  de- 
termine the  direction  of  the  line  joining  these  points  with  refer- 
ence to  certain  fixed  directions.  But  the  course  of  the  ray  in 
space  is  from  O  to  W.  The  angle  OWtir  is  aberration.  The 
constant  of  aberration  is  the  ratio  of  O-sr  to  O^V,  that  is,  the 
ratio  of  the  earth's  velocity  to  the  velocity  of  light.  This  ratio 
is  known  by  the  theory  of  the  earth's  motic^i  about  the  sun,  and 
by  observations  of  eclipses  of  Jupiter^s  satellites.  Thus  the  angle 
0  W-OT  for  a  given  star  at  a  given  time  may  be  obtained  by  calcu- 
lation and  expressed  numerically.  The  same  angle  nuiy  be 
measured  instrumentally.  The  two  values  when  compared  are 
found  to  agree  as  nearly  as  possible,  and  thus  aberration  is 
accounted  for  in  as  complete  and  satisfactory  a  manner  as  can 
be  desired.  The  explanation  is  a  strict  deduction  from  admitted 
facts ;  and  the  cause  assigned  for  aberration,  being  a  vera  causa, 
admits  of  no  dispute. 

At  the  same  time  that  I  maintain  the  above  to  be  the  expla- 
nation of  aberration,  I  am  fully  sensible  of  the  value  of  an  expe- 
riment, such  as  that  of  M.  Fizeau,  which  appears  to  demonstrate 
that  the  motion  of  bodies  alters  the  velocity  with  which  light 
propagates  itself  in  their  interior.  This  fact  must  necessarily  be 
of  great  importance  with  regard  to  the  undulatory  theory  of  light, 
but  a])pcars  to  me  to  be  in  no  way  inconsistent  with  the  prece- 
ding account  of  aberration. 

I  am.  Gentlemen, 

Cambridge  Ohscrvatorv,  Your  obedient  Servant, 

Dec  22,1851.  J.  CnALLlS. 
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IX.  Explanation  of  an  Optical  Illusion. 
By  Sir  David  Brewster,  K.H.,  F.R.S.,  cy  V.P.R.S.  Edin.* 

ABOUT  eleven  years  ago  I  received  from  a  correspondent 
well-instructed  in  optics,  a  letter  informing  me  that  lie 
bad  composed  an  essay  "  On  the  seeming  anomalies  which  take 
place  in  the  Wsion  of  persons  whose  eyes  are  either  long-sighted 
or  short-sighted,  and  which,  though  they  are  most  tnily  surpri- 
sing, have  hitherto,  as  far  as  I  can  find,  escaped  observation.^' 

"  The  leading  fact,"  he  adds,  "  which  gave  rise  to  the  com- 
position of  this  essay  is  as  follows  : — 

"  If  a  silhouette  or  black  profile  of  the  human  face  (the  fea- 
tures of  which  should  be  very  little  prominent)  looking  from 
RIGHT  TO  LEFT  be  placcd  against  a  \\"indow,  and  be  \'iewed  by  a 
short-sighted  eye  through  a  narrow  slit  (about  the  thirtieth  of 
an  inch  w^ide)  in  a  sheet  of  black  cardboard  placed  at  some  di- 
stance (about  a  foot  or  so)  from  the  window,  while  the  spectator 
himself  is  at  about  the  same  distance  from  the  slit,  that  silhouette 
will  be  seen  by  that  shoi't-sighted  eye  looking  from  left  to  right/' 

After  an  elaborate  investigation  of  the  progress  of  the  rays 
before  reaching  the  retina,  founded  upon  the  known  structure  of 
the  eye,  he  deduces  a  fundamental  proposition,  "  from  which,  by 
means  of  a  train  of  demonstrations  (which  he  has  not  given)  be 
shows — 

"  1 .  If  a  silhouette  is  fixed  in  a  window  looking  from  left  to 
right,  and  a  short-sighted  spectator  stands  with  one  eye  shut  at 
some  distance  (two  feet  or  so)  from  it,  and  moves  a  piece  of  black 
cardboard  with  a  smooth  edge,  at  about  two-thirds  of  the  way 
between  him  and  the  window,  from  right  to  left^  then  as  the 
left  edge  of  that  piece  of  cardboard  approaches  the  silhouette,  a 
second  or  phantornic  silhouette  will  appear  in  that  left  edge  looking 
from  RIGHT  TO  left,  so  that  the  two  silhouettes  will  look  each 
other  in  the  face ;  and  this  astonishing  appearance  takes  place 
accordingly." 

My  correspondent  deduces  from  his  train  of  demonstrations 
other  two  results,  in  one  of  which  the  cardboard  and  the  silhou- 
ette are  made  to  change  places,  and  are  held  at  greater  distances 
than  before.  In  this  case  "the  phantom  silhouette  appears  to 
come  out  behind  the  real  silhouette,  and  to  look  in  the  same  direc- 
tion." In  the  third  case  analogous  ph?enomena  are  seen  by  long- 
sighted persons,  the  distances  of  the  card  and  the  silhouette  being 
varied. 

Not  having  seen  the  demonstrations  above  refeiTed  to,  I  can- 
not of  course  state  that  they  contain  an  explanation  of  these 
apparently  very  extraordinary  phsenomena ;  but  upon  carefully 
repeating  the  experiments,  I  soon  saw  that  the  phantom  silhouettes 
*  Commimicated  bv  the  Author. 
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had  a  much  simpler  origin  than  my  correspondent  supposed ; 
that  they  were  not  imajres  derived  optically  from  the  real  sil- 
houettes, but  were  only  phienouiena  arising  from  the  union  of 
penumbral  shadows  of  bodies  held  at  different  distances  from  tlie 
eye,  and  seen  indistinctly  by  persons  with  eveiy  variety  of  sight. 
AVhen  a  linger  of  each  hand,  A  and  B,  is  held  up  near  the 
eye  against  a  luminous  ground,  so  that  the  nearest  A  does  not 
eclipse  the  remotest  B,  and  that  both  are  seen  very  indistinctly 
with  a  penumbral  shadow,  then  if  we  bring  the  two  fingers 
together,  the  most  prominent  part  of  B  seems  to  swell  outwards 
till  it  meets  A.  Now  if  we  suppose  the  edge  of  the  finger  A  to 
be  a  silhouette,  or  a  notched  line  like  a  saw,  then  it  is  obvious 
that  when  the  straight  edge  of  B  comes  near  it,  a  part  of  this 
edge  opposite  the  nose  of  the  profile  will  swell  out  arul  meet  it, 
whereas  the  notch  below  the  nose  will  not.  In  like  manner  the 
parts  opposite  the  two  projecting  lips  of  the  chin  will  swell  out 
till  the  straight  edge  of  the  finger  has  prominences  exactly  like 
those  of  the  silhouette  or  profile,  and  we  shall  have  the  appear- 
ance of  two  silhouettes,  a  phantom  one  and  a  real  one,  looking 
at  each  other. 

If  we  next  suppose  the  edge  of  the  finger  B  to  be  a  silhouette, 
the  projecting  parts  of  the  profile  will  swell  out  when  thev  ap- 
proach the  edge  of  the  finger  A,  and  a  phantom  silhouette  will 
thus  appear  to  rise  out  of  the  other,  and  looking  in  the  same 
direction  as  described  by  my  coiTcspondent. 

In  some  long-sighted  eyes,  W'here  the  crystalline  lens  has  begun 
to  decay,  and  to  give  slightly  double  images  of  objects,  the  phan- 
tom silhouette  emerging  from  the  real  one  will  seem  to  be 
slightly  separated  from  it;  but  in  good  eyes  the  prominence  of 
the  projecting  features  is  merely  increased,  that  is,  the  nose,  the 
two  lips,  the  chin  of  the  former  swell  out,  and  give  the  appear- 
ance of  a  phantom  silhouette  coming  out  of  the  real  one. 

All  these  phajnomena  may  be  produced  merely  by  receiving 
upon  a  white  ground  the  shadows  of  a  silhouette  and  a  straight 
edge,  so  that  they  have  penumbras  analogous  to  those  which 
they  have  when  seen  directly  by  the  eve. 

As  there  can  be  no  doubt  that  the  j)hantom  silhouettes  are 
produced  by  the  swelling  of  the  penumbral  shadows,  in  the 
manner  I  have  described,  we  have  only  now  to  refer  the  reader 
to  an  explanation  of  the  cause  of  this  swelling. 

The  swelling  of  shadows  seems  to  have  been  long  ago  observed 
by  optical  writers,  and  was  erroneously  ascribed  by  some  to  the 
inflexion  of  light.  Our  countryman  ]\Ir.  Melville,  however, 
nearly  100  years  ago,  gave  the  true  explanation  of  it*,  which  is 

*  Essavs  and  Observations.  Phvsical  and  Litcrarv.  3  vols.  Edinburgh, 
1/54. 
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so  exceedingly  simple  that  no  optical  knowledge  is  required  to 
understand  it.  Dr.  Priestley  has  reprinted  ^Ir.  ^lelville's  expla- 
natioUj  with  the  necessary  diagram,  in  his  History  of  Vision, 
Light  and  Colours*,  and  we  therefore  refer  the  reader  to  either 
of  these  works. 

^M^en  I  received  from  my  correspondent,  then  linng  on  the 
Continent,  and  whose  name  I  do  not  feel  myself  at  liberty  to 
mention,  his  account  of  the  phantom  silhouettes,  I  failed  entirely 
in  producing  them.  I  resumed  the  subject  more  than  once  with 
the  same  want  of  success,  and  from  this  cause  I  believe  I  did  not 
take  any  notice  of  his  communication.  If  he  has  published  his 
essay  on  the  subject,  I  regret  that  I  have  not  been  able  to  find 
it ;  if  he  has  not,  and  if  this  notice  should  meet  his  eye,  I  trust 
he  ^^^ll  enable  me  to  mention  his  name,  and  give  him  the  credit 
of  having  first  discovered  the  phsenomena  to  which  I  have  called 
the  attention  of  the  reader. 

St.  Leonard's  College.  St.  Andrews, 
December  2,  1S51. 


X.  Notices  respecting  Xeir  Books. 

Elementary  Phj/sics  ;  an  Introduction  to  the  Study  of  Natural  PJiilo- 
sopfiy.  By  Robert  Hunt,  Professor  of  Meciiunica.l  Science  in  the 
Government  School  of  Mines,  S^c.     Reeve  and  Benham.     1851. 

"^"^HIS  book  has  been  undertaken  with  the  laudable  intention  of 
■^  placing  clearly  before  the  reader  all  the  great  deductions  of  phy- 
sical science  without  the  introduction  of  mathematics.  Thosewho  read 
the  preface  and  read  the  book,  will  be  able  to  say  whether  the  hope 
held  out  by  the  former  has  been  realized.  Our  own  experiment  in 
this  way  is  far  from  satisfactory.  During  the  perusal  of  the  work, 
the  total  absence  of  scientific  precision  is  constantly  suggested  ;  very 
little  attention  is  paid  to  the  definition  of  terms,  and  just  as  little  to 
the  natural  order  of  thought.  A  certain  unscientific  forgetfulness 
is  often  evinced ;  where,  for  example,  the  author  speaks  of  "  this 
law,"  and  when  j'ou  inquire,  "  what  law  ?"  you  find  him  vanish- 
ing in  the  haze  of  his  own  speculations.  Thus  at  page  58  we  read, 
"  by  squaring  the  number  of  seconds,  and  multiplying  the  pro- 
duct by  16^  feet — a  cloee  approximation  to  the  truth — we  have  the 
height  or  the  depth  required."  We  can  fancy  the  youthful  reader, 
longing  for  intellectual  sustenance,  demanding  here,  "  irhat  truth  t" 
Mr.  Hunt  does  not  inform  him  ;  nay,  he  is  worse  than  silent,  for  in 
a  foregoing  page  he  has  thrown  him  off  the  scent  by  assuming  that 
the  distance  through  which  a  body  is  drawn  by  the  force  of  gravity 
in  one  second  is  15  feet.  A  man  may  understand  a  subject,  and 
still  be  blessed  with  no  faculty  of  expression  ;  and  the  book  before 
us  demonstrates  the  converse  of  this  proposition — that  a  clear  under- 

*  Vol.  ii.  p.  725,  fig.  163. 
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standing  is  by  no  means  the  invariable  accompaniment  of  the  jjen  of 
a  ready  writer. 

Mr.  Hunt  informs  us  that  "  if  we  cut  a  cone  peri)endicularly  to 
the  base,  the  section  is  a  triangle."  It  is  so  in  one  case  only,  and 
there  are  a  million  other  cases  where  the  section  is  not  a  triangle. 
The  definitions  are  obscure;  take,  for  instance,  the  following:  — 
"  The  centre  of  gravity  is  nothing  more  than  the  central  point  of 
parallel  or  equal  forces."  In  page  72  reference  is  made  to  the  lean- 
ing towers  of  Pisa  and  Bologna  ;  what  the  lines  cd  and  ab,  referred 
to  by  Mr.  Hunt,  have  to  do  with  the  matter  we  are  at  a  loss  to  con- 
ceive ;  they  are  not  the  lines  of  direction,  for  neither  of  them  passes 
through  the  centre  of  gravity.  In  page  85  Mr,  Hunt  speaks  "  of  the 
centre  of  gravity  being  no  longer  at  right  angles  to  the  plane ;"  and 
in  page  S6  he  says,  "  The  gravity  of  the  body  is  decomposed  into 
two  forces,  one  drawing  it  to  the  earth,  acting  at  right  angles  to  the 
plane,  and  causing  the  pressure,  the  other  acting  parallel  to  the  in- 
clined plane  and  forcing  the  weiglit  down  it !"  It  would  be  useless 
to  comment  on  the  infraction  of  the  first  principles  of  mechanics  and 
of  common  sense  involved  in  these  quotations.  Mr.  Hunt's  defini- 
tion of  centrifugal  force  is  incorrect,  being  the  definition  of  quite 
another  force;  and  when,  in  connexion  with  this  subject,  he  speaks 
of  "  an  impulsive  force  exactly  balanced  against  a  statical  power,  a 
system  of  harmony  being  the  result,"  we  confess  our  inability  to 
understand  him. 

In  page  121  it  is  stated,  "  that  fluids  issuing  from  orifices  have  a 
velocity  proportional  to  the  height  of  the  surface  of  the  fluid  above 
the  orifice."  This  is  incorrect ;  the  velocities  are  proportional  to  the 
square  roots  of  the  heights.  The  example  in  page  69  is  wrong. 
Did  Mr.  Hunt  practically  test  Bunsen's  cells  before  he  condemned 
them  ?  An  experience  of  many  years  enables  us  to  state  that  our 
author's  animadversions  on  this  admirable  invention  are  wholly 
groundless.  If  the  zinc  collars  are  attacked  as  stated,  it  is  the 
fault  of  the  experimenter,  not  of  the  battery.  For  the  sake  of 
those  who  possess  cells  of  Bunsen's  construction  we  may  remark, 
that  the  chief  point  to  be  secured  is  a  good  metallic  contact  between 
the  coal  cylinder  and  its  encompassing  ring ;  the  interior  of  the 
latter  must  be  rendered  clean  and  bright  by  the  application  of  a  little 
sand  and  dilute  hydrochloric  acid. 

In  page  293  we  are  informed,  that  "  if  we  hang  at  the  end  of  a 
magnet  a  weight  which  is  nearly  as  much  as  it  will  support,  and 
then  bring  another  magnet  near  to  the  end  to  which  the  weight  is 
attached,  it  will  fall  off."  This  is  true  if  the  poles  are  of  o})posite 
qualities,  but  false  if  the  poles  are  similar  ;  in  the  latter  case  the 
■weight  will  cling  with  increased  intensity.  In  page  33G  our  author 
■writes : — "  We  speak  of  free  caloric,  and  mean  tliereby  the  circum- 
stance of  heat  becoming  sensible,  as  when  dittusing  itself  in  its  ten- 
dency towards  an  equilibrium  through  all  surrounding  bodies.  When 
an  equilibrium  is  restored,  and  all  neighbouring  bodies  are  at  an 
equal  temperature,  the  agency  is  said  to  be  latent,  or  in  a  state  of 
repose."    The  evident  security  with  which  this  extraordinary  annota- 
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tion  on  the  celebrated  discovery  of  Black  is  advanced  is  most  amusing. 
Speaking  of  the  polarization  of  heat,  our  author  remarks,  "  It  may 
be  described,  in  general  terms,  as  a  power  of  turning  the  ray  of  heat 
half  round  ;  and  it  is  regarded  as  proving  that  the  influence  of  lateral 
vibrations  are  different  from  the  onward  waves  in  calorific  propul- 
sion." If  Mr.  Hunt  were  compelled  to  write  this  nonsense,  we 
should  pity  him  ;  but  it  is  his  own  free  act,  and  we  are  therefore 
disposed  to  be  angry  with  him.  What  follows,  however,  is  still 
worse.  In  page  382  we  are  told,  "  In  the  centre  of  the  cornea 
is  a  circular  opening,  the  pupil,  and  within  it  is  the  cr^-stalline  lens 
containing  the  vitreous  humour."  We  entreat  Mr.  Hunt  to  think 
once  more.  Is  there  an  opening  in  the  cornea  ?  Does  the  crystal- 
line lens  contain  the  vitreous  humour  }  With  a  very  slight  expen- 
diture of  trouble,  ]\lr.  Hunt  might  have  informed  himself  on  this 
important  subject,  and  thus  spared  us  the  pain  of  exposing  his  reck- 
less inaccurac}'.  He  has  only  to  look  into  the  eyes  of  his  neighbour, 
or  his  cat,  to  convince  him  of  at  least  a  portion  of  his  error. 

In  page  391  we  find  the  following: — "A  very  simple  con- 
trivance, by  which  the  relative  illuminating  powers  may  be  ascer- 
tained, is  to  allow  the  shadows  from  a  single  object  to  fall  upon 
a  screen,  and  then  remove  the  sources  of  light  from  or  towards 
it  until  all  the  shadows  are  of  the  same  depth  ;  the  distances 
at  which  the  illuminating  bodies  are  from  the  screen  express  the 
relative  intensity  of  the  light  of  each."  Count  Rumford  would 
never  agree  to  this  ;  he  would  have  said  the  squares  of  the  distances. 
In  the  next  page  we  find  the  following  piece  of  information  : — "  By 
aberration  is  meant  the  difference  between  the  real  and  the  apparent 
place  of  the  stars.  As  the  light  is  proceeding  from  them,  the  earth 
is  moving  onward ;  consequently  they  appear  to  be  rather  more 
backward  than  they  really  are  in  the  direction  of  the  earth's  annual 
motion."  This  passage  is  suggestive  of  the  scientific  standing  of  its 
writer  ;  it  is  the  production  of  an  amateur,  who  abides  by  first  im- 
pressions, and  gives  himself  no  further  trouble.  The  effect  of  aberra- 
tion is  precisely  the  reverse  of  what  our  author  states  it  to  he.  The 
star  from  which  the  ray  comes  appears  more  forward  than  it  really 
is  in  the  direction  of  the  earth's  annual  motion. 

These  are  not  superficial  errors  which  might  be  attributed  to  im- 
prudent haste  ;  they  are  cases  in  which  general  vagueness,  confu- 
sion, and  ignorance  of  the  subject  handled,  blossom  out  into  palpable 
absurdity.  Did  the  book  contain  excellences,  we  should  be  glad  to 
bring  them  forward  ;  but  it  is  obscure  and  unphilosophic  through- 
out. Even  a  quotation,  in  Mr.  Hunt's  hands,  is  not  safe ;  his  state- 
ment of  the  law  of  Xewton,  for  example,  in  page  46,  puts  that  law  in 
a  dubious  light.  Had  we  not  known  something  of  the  subject  before- 
hand, we  should  have  derived  but  little  enlightenment  from  the  fol- 
lowing: — "The  distance  from  the  middle  point  of  a  magnet  being 
the  same,  the  force  opposite  the  poles,  or  in  the  direction  of  the  axis, 
is  double  the  force  in  the  magnetic  equator."  .  ..."  In  all  cases  the 
south  pole  of  a  magnet  will  be  found  weaker  than  the  north  pole!"  .... 
"  All  bodies,  such  as  glass,  which  allow  magnetism  to  permeate  them 
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freely,  are  called  diamag-netic,  from  dia  a  way  ;  and  hence  all  bodies 
in  nature  are  now  grouped  under  the  two  classes  of  magnetic  and 
diamagnetic."  Not  "  hence,"  Mr.  Hunt ;  you  are  confusing  terms. 
The  discoverer  of  diaraagnetism  happens  to  entertain  the  precisely 
opposite  view,  as  to  the  permeability  of  diamagnetic  bodies.  Ham- 
mering does  not  render  brass  magnetic,  as  stated  by  Mr.  Hunt ;  the 
magnetism  is  borrowed  from  the  iron  tools  used  in  the  operation. 
*'  If  a  source  of  light,"  says  Mr.  Hunt,  "  be  placed  in  the  focus  of  a 
concave  mirror,  there  will  be  no  image,  but  a  brilliant  reflexion  in 
parallel  lines  from  every  point  on  its  surface."  In  one  case  only  is 
this  correct,  and  that  is  when  the  mirror  is  parabolic  ;  but  Mr.  Hunt 
is  here  speaking  of  "  curved  mirrors"  without  limitation.  Again, 
we  are  informed,  "The  image  seen  in  a  concave  mirror  is  always 
magnified,  whereas  in  a  convex  one  it  is  very  considerably  reduced." 
Why  "  very  considerably  .''"  The  reduction  may  be  infinitesimal  if 
the  radius  of  the  mirror  be  only  long  enough ;  where  the  radius  is 
infinite,  there  is  no  reduction  at  all.  The  rainbow  is  thus  explained 
by  Mr.  Hunt :  "  A  ray  of  light  falling  upon  a  drop  of  rain  becomes 
refracted  on  entering  the  first  surface ;  it  is  reflected  from  the  other 
surface  of  this  sphere,  and  thus  emerging  from  a  medium  point,  suf- 
fers prismatic  refraction  ;  the  least  refrangible  raj^s,  the  red,  forming 
the  inner  portion  of  the  bow  ;  the  most  refrangible,  the  violet,  its 
outer  edge."  Part  of  this  is  unintelligible,  and  part  false.  What  is 
meant  by  emerging  from  a  medium  point  ?  Mr.  Hunt  is  here  speak- 
ing of  the  primary  bow  ;  and,  if  he  takes  advantage  of  the  next  sunny 
shower,  he  may  inform  himself  that  the  disposition  of  the  colours  is 
precisely  the  reverse  of  what  he  states  it  to  be.  Indeed,  had  Mr. 
Hunt,  as  a  general  rule,  trusted  more  to  his  eyes  and  less  to  his 
fancy,  we  should  have  had  a  better  book. 

We  now  close  it — not  for  want  of  material  for  further  remark,  for 
every  page  of  the  book  is  a  comment  on  the  incompetency  of  its 
author.  We  regret  to  be  obliged  to  state  this,  but  the  imperfections 
of  the  work  would  justifj'  still  stronger  condemnation.  A  recent 
review  in  our  contemporary,  the  Literary  Gazette,  opens  with  the 
following  words : — "  There  is  an  amazing  quantity  of  bad  science 
floating  in  society,  the  result  chiefly  of  pretence  and  imperfect  educa- 
tion." What  hope  can  we  have  of  abetter  state  of  things,  when  we 
find  a  man,  whose  knowledge  of  the  subject  is  evidently  inferior  to 
that  of  the  veriest  tjTO,  exalted,  under  government  sanction,  into  the 
position  of  a  teacher  of  physical  science  ? 

The  Calculus  of  Operations.     By  John  Paterson,  A.M.     Albany, 
1850.  8vo. 

How  the  author  got  the  two  letters  which  follow  his  name,  or 
why  he  lowered  his  pretensions  so  far  as  to  adopt  them,  we  do 
not  know.  He  ha?  been  his  own  teacher,  and  he  is  a  working 
printer  ;  the  materials  of  the  book  are  the  fruit  of  his  evening  leisure, 
and  the  setting  of  the  types  was  done  by  himself.  It  does  not  sur- 
prise us  that  in  a  country  where  ordinary  education  is  widely  dif- 
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fused,  and  the  higher  manual  arts  are  well  paid,  a  compositor  should 
work  at  his  own  book ;  but  we  do  hold  it  to  be  rather  a  curious 
phsenomenon,  that  one  of  the  earliest  of  such  books  should  be  an 
attempt  to  associate  metaphysics  \\-ith  mathematics,  or  to  introduce 
the  former  into  the  latter,  to  a  greater  extent  than  is  usually  done. 
The  following  is  a  brief  description  of  the  character  and  contents  of 
the  work. 

It  divides  mainly  into  two  parts  :  the  first,  on  the  complete  ex- 
planation of  the  symbols  of  algebra ;  the  second,  on  the  relation  of 
successive  differential  coefficients,  considered  as  standing  to  each 
other  in  the  relation  of  product  and  power,  or  effect  and  cause.  The 
first  part  may  be  looked  on  as  an  attempt  to  evolve  the  contents  of 
Dr.  Peacock's  algebra  (first  edition)  in  a  more  a  priori  form,  and  to 
make  them  the  necessary  consequences  of  a  metaphysical  view  of 
the  fundamental  operations.  Those  who  know  and  profit  by  the 
clearness  of  the  principle  of  fluxions  (unfortunately,  as  we  think, 
discarded  with  its  language),  will  look  with  satisfaction  at  Air.  Pater- 
son's  attempt  to  reinstate  the  differential  coefficients  in  their  old 
position  of  indicating  something  more  than  result  of  algebraic 
operation.  Every  reader  who  can  truly  profess  to  understand  the 
subject,  must,  if  he  have  thought  about  the  progress  of  his  own  mind, 
remember  how  much  he  was  indebted  to  the  mechanical  connexion 
of  the  function  and  its  first  and  second  differential  coefficients  with 
distance,  velocity,  and  force.  Mr.  Paterson  has  endeavoured  to  put 
this  connexion  on  a  more  abstract  footing,  and  to  make  the  laws  of 
algebraic  development  a  consequence  of  his  treatment  of  it.  We 
doubt  if  his  success  is  complete  ;  that  is,  we  doubt  whether  a  mathe- 
matical proof  of  Taylor's  theorem  fairly  results  :  unless,  indeed,  the 
author  had  more  in  his  mind  than  he  has  fully  made  manifest ;  a 
reserve  which  should  always  be  made  in  matters  metaphysical.  Be 
this  as  it  mav,  we  can  but  express  a  hope  that,  both  in  Europe  and 
America,  investigators  will  attempt  to  sound  the  channels  which 
connect  the  mathematics  with  the  fundamental  laws  of  thought. 

IMr.  Paterson  is  evidently  well-read  in  the  writings  of  mental 
philosophers.  He  is  far  too  metaphysical  for  the  general  run  of 
mathematicians,  and  vice  versd.  Nevertheless,  a?  there  are  always 
a  few  to  whom  such  speculations  are  welcome,  and,  even  where  they 
do  not  comnnce,  suggestive,  and  as  upon  these  few  mainly  depends 
the  advance  of  mathematics  as  a  discipline,  we  hope  that  he  will  find 
encouragement  to  proceed,  and  that  we  have  not  seen  the  last  of  him. 

Four  Introductory  Lectures  delivered  at  the  Government  School  of  Mines 
and  of  Science  applied  to  the  Arts;  Museum  of  Practical  Geology. 

The  struggle  carried  on  for  some  years  between  the  Gymnasia' 
listen  and  Realisten  of  Germany  has  at  length  found  distinct  ex- 
pression in  England.  Science  has  found  her  advocates  in  the 
Jermyn  Street  Institution,  who  earnestly  uphold  her  claims,  and 
forcibly  protest  against  our  present  exclusively  classical  system  of 
education.     In   1635,  a  proposal   was  made  by  Sir  Henry   De   la 
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Beche  to  take  advantage  of  the  opportunity  afforded  by  the  Geological 
Survey  for  the  collection  and  classification  of  specimens,  the  result 
being  that  space  was  granted  by  Government  for  the  reception  of 
such  specimens.  As  years  rolled  on  the  collections  increased,  addi- 
tional space  was  needed,  and  "  finally  the  necessity  of  proper  accom- 
modation became  so  pressing,  especially  after  1845,  when  the  Geo- 
logical Survey  and  the  Museum  of  Practical  Geology  were  placed 
under  the  same  department,"  that  the  building  in  Jermyn  Street  was 
erected. 

In  his  Inaugural  Discourse,  Sir  Henry  conducts  us  through  the 
building  and  describes  its  stores — its  specimens  of  architectural 
stones,  ceramic  products,  collections  of  minerals  and  fossils,  its  che- 
mical laboratory,  metallurgic  and  mining  departments.  Those  who 
have  visited  Durham  Cathedral  and  other  similar  edifices  in  this 
country,  and  seen  the  havoc  made  of  the  stone  by  atmospheric 
action,  will  appreciate  the  importance  of  a  collection  for  architec- 
tural purposes.  Had  such  a  collection  been  open  to  those  who  raised 
the  Four  Courts  in  Dublin,  the  irretrievable  ruin  of  that  splendid 
edifice  by  atmospheric  influence  might  have  been  avoided.  Our 
advance  in  ceramic  manufactures  is  illustrated  by  the  progress  made 
in  the  transfer  of  prints  to  porcelain  :  a  century  ago  one  colour  only 
could  be  transferred ;  we  can  now  paint  a  picture.  Referring  to  the 
ignorance  generally  prevailing  in  mining  districts  as  to  the  value  of 
minerals,  the  following  striking  fact  is  cited.  "  Ores  regarded  only 
as  important  for  the  copper  the}'  contained,  were  raised  upon  the 
property  of  the  Duke  of  Argyll  in  Scotland.  After  a  time  the  works 
were  abandoned,  as  the  copper  found  in  tlie  ores  was  not  sufficiently 
abundant  to  pay  for  the  cost  of  obtaining  them,  and  much  was 
thrown  aside  as  not  worth  dressing,  'i'he  Duke,  impressed  with  a 
certain  character  in  the  ores,  brought  specimens  to  this  Institution 
for  analysis ;  and  it  was  found  that  they  contained  1 1  per  cent,  of 
nickel,  a  valuable  metal,  and,  as  you  are  aware,  extensively  employed 
at  this  time  in  different  alloys,  such  as  those  known  as  German 
silver."  "  Even  within  these  few  days,"  adds  the  lecturer,  "  a  case 
has  occurred  in  Devonshire  where  a  field- wall  was  constructed  of 
grey  copper  ore,  and  the  breaking  of  a  gate-post  led  to  a  knowledge 
of  the  fact."  Referring  to  the  reclaiming  of  mud-banks  which 
surround  estuaries,  the  lecturer  observes,  "  The  body  of  water 
entering  and  passing  out  is  important  ;  and  yet  what  do  we  often 
find  done,  and  done,  too,  by  Act  of  Parliament  ?  The  body  of  water 
entering,  and  consequently  passing  out,  is  diminished  for  the  purpose 
of  reclaiming,  as  it  is  termed,  certain  mud-banks,  often  extensive  ; 
thousands  of  tons  of  water  are  thus  sometimes  cut  off  from  perform- 
ing the  work  by  which  they  aided  in  keeping  the  channel  to  the  sea 
clear;  the  bottom  of  the  channel  rises,  and  the  port  is  damaged." 

Calling  the  mineral  produce  of  Great  Britain  1,  that  of  Russia  is 
about  i,  of  Prussia  i.  of  France  J ,  of  Sweden  -^g,  of  Norway  -Jy.  A 
country  possessing  such  vast  resources  in  this  respect  as  Great 
Britain,  might  be  expected  to  devote  particular  attention  to  this  point ; 
but  this  is  not  the  case.     "  Although   the  raw  mineral  produce   of 
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Great  Britain  and  Ireland  is  valued  at  £24,000,000  per  annum,  or 
about  four-ninths  of  that  of  all  Europe,  there  existed  until  now  no 
means  in  this  country  for  affording  needful  instruction  to  those  who 
thus  raise  so  large  an  amount  of  mineral  matter ;  all  was  left  to 
chance,  and  the  result  is  well  known.  Mam'  who  can  afford  it  go 
to  other  lands  to  study  in  the  mining  schools  provided  by  their  go- 
vernments ;  some  light  through  their  difficulties  at  home,  becoming 
valuable  and  useful  men  ;  while  the  mass  of  our  miners  remain  un- 
instructed,  except  so  far  as  they  can  pick  up  practical  information 
from  each  other  in  the  mines."  "Are  our  miners,"  demands  the 
lecturer,  "  less  deserving  of  attention  than  those  of  other  lands,  or 
are  they  supposed  to  be  so  dull  and  disinclined  to  knowledge  as  not 
to  be  capable  of  profiting  as  well  as  the  miners  of  other  nations  by 
instruction  ?  Let  those  who  thus  believe  visit  our  mining  districts, 
especially  such  as  are  metalliferous,  where  the  miner  has  so  often  to 
gain  his  daily  bread  by  the  exercise  of  his  judgement,  and  they  will 
speedily  be  undeceived.  They  will  find  men  as  able  and  willing  to 
profit  by  instruction  as  elsewhere  in  uur  land.  They  will  see  many 
with  powerful  minds,  who  have  risen  from  amid  all  their  difficulties, 
adding  continually  and  greatly  to  our  stock  of  practical  knowledge, 
but  who  would  evidently  have  accomplished  far  more,  if  in  their  early 
day  they  had  possessed  the  advantage  of  starting  with  the  knowledge 
of  the  time  applicable  to  their  pursuits." 

The  wants  here  indicated  it  is  the  design  of  the  School  of  Mines 
in  some  measure  to  supply.  It  is  proposed  to  instruct  by  means  of 
the  collections,  the  laboratories,  the  Alining  Record  Office,  the  lec- 
tures, and  the  Geological  Survey.  It  is  also  purposed  to  explain  by 
evening  lectures  to  the  working  men  of  London, — those  really  en- 
gaged in  business,  and  whose  good  characters  can  be  vouched  for  by 
their  employers, — such  parts  of  the  collections  as  may  be  thought  to 
be  usefully  interesting  to  them.  There  are  also  indications  of  move- 
ments in  this  direction  in  the  mineral  districts  ;  and  it  is  trusted  that 
those  who  locally  distinguish  themselves  by  the  application  of  their 
abilities  may  find  in  the  Government  School  of  Mines,  free  of  cost, 
the  means  of  still  further  advancing  their  own  knowledge. 

We  next  take  up  the  Introductory  Lecture  of  Professor  Playfair, 
On  the  National  Importance  of  studying  Abstract  Science.  This 
lecture  opens  the  Chemical  Course  for  the  present  session.  Ably 
and  convincingly  the  writer  demonstrates  the  dependence  of  prac- 
tical results  upon  abstract  investigations ;  proves  that  discoveries, 
apparently  the  most  remote  and  unpromising,  have  resulted  in  the 
most  important  practical  issues ;  takes  us  to  the  gardens  of  the 
Luxembourg,  and  shows  us  Malus  looking  at  the  open  window 
through  a  crystal  of  calcareous  spar — apparently  a  most  unpractical 
act,  yet  one,  by  the  following  up  of  which  we  are  now  enabled  to  pierce 
the  ocean  and  investigate  its  rocks  and  shoals,  and  which  in  the  hands 
of  Biothas  led  to  the  most  refined  method  of  ascertaining  the  quan- 
tity of  sugar  in  saccharine  solutions  ;  introduces  us  to  Galvani  opera- 
ting upon  a  dead  frog  on  the  iron  palisades  of  Bologna,  and  shows  how 
the  discovery  there  made  has  resulted  in  the  electric  telegraph,  and 
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the  manifold  applications  of  the  electrotype  ;  exhibits  the  safety-lamp 
gi'owing;  out  of  the  thouglit  of  Davy,  and  chloroform  distilling  from 
the  brain  of  Dumas  ;  dwells  upon  that  domestic  wonder — a  lucifer- 
match,  and  shows  its  progressive  development  up  to  its  present 
stage.  Schoenbein  discovers  that  cotton,  without  changing  its  ap- 
pearance, becomes  more  destructive  than  gunpowder  ;  another  che- 
mist finds  that  it  is  soluble  in  aether,  and  in  this  state  becomes,  in 
the  hands  of  the  surgeon,  an  artificial  skin  to  cover  the  wounds  which 
it  made  in  its  old  form.  Looms  are  not  now  required  to  make  coarse 
caUco  fine,  for  immersion  in  soda  makes  it  take  the  form  of  fine 
cambric.  In  the  sixteenth  century  Paris  lighted  up  her  streets  by 
fires  of  pitch  and  rosin,  but  to  the  chemist  was  reserved  the  triumph 
of  superseding  the  clumsy  invention  by  our  brilliant  coal-gas.  These 
were  results  unsought  for ;  they  are  the  necessary  '  ofl^-shoots,'  as 
the  lecturer  aptly  terms  them,  of  abstract  investigation.  The  neces- 
sity of  cultivating  abstract  science  is  enforced  by  the  fact,  that  local 
position  no  longer  gives  to  nations  that  superiority  which  it  formerly 
did.  The  tendency  of  things  is  to  make  the  competition  of  nations 
a  competition  of  intellect,  and  the  unfitness  and  insutiiciency  of 
English  training  for  this  great  race  are  strongly  deprecated.  One  of 
the  lecturer's  remarks  in  connexion  with  this  portion  of  his  subject 
has  given  offence  to  the  Times  newspaper:  "  The  philosophy  of  our 
times  does  not  expend  itself  in  furious  discussions  on  mere  scholastic 
trivialities  or  unmeaning  questions  of  theology."  It  is  not  the  irre- 
pressible yearnings  of  the  human  heart  of  which  the  Times  sj)eaks 
that  are  here  aimed  at,  but  it  is  the  o.ver-refining  of  the  human  intel- 
lect— those  '  mumps  and  measles  of  the  soul '  which  find  material 
for  quarrelling  and  discussion  in  objects  intrinsically  worthless. 
How  many  montiis  have  passed  away  since  the  entire  theology  of 
England  was  in  spasms  over  a  crotchet  of  this  character  ? 

A  few  weeks  ago,  we  happened  to  converse  with  a  thoroughly 
practical  gentleman  on  scientific  subjects.  He  spoke  of  a  machine 
recently  applied  to  the  electric  telegraph,  and  in  which  the  electricity 
was  generated  by  magnetism.  The  result  delighted  him,  and  he 
praised  the  genius  of  its  Birmingham  discoverer.  Before  us  hung  a 
picture  of  Faraday — one  of  those  capital  prints  got  up  by  George 
Ilansome  of  Ipswich  ;  we  looked  upon  the  pale  features  and  massy 
brow,  stamped  with  a  certain  energy  of  conflict,  as  if  nature  some- 
times required  to  be  forced  as  well  as  wooed  ;  but  no  association 
existed  in  the  mind  of  our  companion  between  the  picture  and  the 
machine.  The  genius  which  gave  this  wonderful  expansion  to  the 
simple  experiment  of  Arago,  and  to  which  all  practical  applications 
of  magneto-electricity  must  be  traced,  as  streamlets  to  their  spring, 
was  never  once  thought  of ! 

We  now  pass  on  to  the  Introductory  Lecture  of  Professor  Forbes, 
on  the  Relations  of  Natural  History  to  Geology  and  the  Arts.  We 
felt  a  strong  desire  to  shake  the  author  by  the  hand  as  we  read  his 
lecture.  There  is  a  force  and  fire  within  this  man  which  cannot  fail 
to  gather  disciples  round  him.  In  these  pages  we  have  clearness  of 
conception,  vigour  of  utterance,  and  an  intellect  which  can  pierce 
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details,  and  hold  communion  with  "  the  great  universal  thought 
which  pervades  the  one  great  creative  action."  This  man  is  master 
of  his  materials,  and  handles  them  with  tlie  audacity  of  one  v,ho 
knows  his  own  power ;  the  rocks  are  plastic  in  his  hand,  and  the 
fossils  live  again.  Two  grand  qualifications  are  necessary  in  an 
educator — the  ability  to  provoke  and  the  ability  to  instruct ;  the 
former,  though  often  forgotten,  is  the  more  important  of  the  two. 
There  is  merit  in  the  smoothing  away  of  a  difficulty,  but  far  greater 
merit  in  arousing  an  amount  of  force  able  to  cope  with  and  to  over- 
come it.  These  two  qualifications  are,  if  we  mistake  not,  possessed 
by  the  man  before  us.  There  is  life  in  his  sentences  which  propa- 
gates itself  to  those  who  read  them.  Who  could  resist  the  follow- 
ing } — "  In  conducting  the  business  of  this  class,  I  look  forward  to 
the  holding  of  field  excursions,  regarding  them  to  be  quite  as  essen- 
tial as  lectures  for  the  instruction  of  the  student,  who,  to  benefit  by 
his  studies,  must  become  a  practical  fossilist,  and  learn  to  observe 
carefully  fossils  in  situ,  and  appreciate  on  the  spot  the  evidence 
afforded  by  their  associations.  During  the  progress  of  our  Winter 
Courses  this  can  be  done  effectually  in  the  neighbourhood  of  London, 
or  by  means  of  the  facilities  of  transport  afforded  by  lines  of  railroad. 
I  trust  that  before  the  end  of  this  session  a  compact  band  of  un- 
daunted investigators,  belted,  strapped,  and  bag-bearing,  armed  with 
stout  hammers  and  sharp  chisels,  under  the  veteran  generalship  of 
our  Director-in- chief,  and  officered  by  my  mineral  and  geological 
colleagues  and  myself,  will  make  the  rocks  shake  and  yield  up  their 
treasures  for  many  a  mile  around  the  great  metropolis."  Such  ap- 
peals thrill  the  heart  of  the  student  like  electric  fire,  and  awaken  an 
ardour  which  renders  his  task  heroic. 

The  lecturer  assigns  a  high  vocation  to  the  naturalist.  "  It  is  not 
an  uncommon  fancy  to  suppose  that  naturalists  are  occupied  entirely 
with  the  naming  and  describing  of  the  kinds  of  animals  and  j^lants  ; 
that  provided  they  can  enumerate,  in  clear  though  technical  lan- 
guage, the  characteristics  or  features  of  a  being  submitted  to  their 
examinations,  usually  in  the  state  of  a  preserved  specimen,  and,  on 
discovery  of  the  species  being  one  hitherto  unnoticed,  give  it  a  name 
by  which  it  may  be  remembered  by  their  brother  naturalists  to  the 
end  of  time,  or  thereabouts,  they  have  attained  all  their  aim  and  ful- 
filled all  their  ambition.  This  notion  of  their  offices  and  duties  is  a 
libel.  It  takes  notice  of  only  a  fragment  of  their  labours.  To  name 
and  describe  are  but  to  enrol  an  object  with  a  true  spelling  and  cor- 
rect definition,  in  the  great  dictionary  of  science.  Words  in  diction- 
aries are  exhibitions  of  the  raw  materials  out  of  which  literature  is 
made  ;  and  species  arranged  in  zoological  and  botanical  systems  are 
orderly  and  beautiful  displays  of  the  raw  materials  of  natural  history 
science.  Words  may  be  wasted  and  species  misused.  But  the  study 
of  species,  which  is  the  basis  of  all  natural  history  science,  does  not 
take  note  merely  of  their  external,  or  even  their  internal  organiza- 
tion. It  deals  also  with  their  relation  to  conditions  in  time  and 
space.  It  seeks  out  the  epoch  of  their  first  appearance,  and  traces 
them  through  their  diffusion  under  favouring,  or  limitation  and  ex- 
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tinction  under  unfavourable  influences.  It  searches  for  the  causes 
inherent  in  their  organization,  by  which,  of  two  similar,  yet  not 
identical  creatures,  the  one  has  the  power  to  battle  with  varied  and 
very  different  forces,  and  to  maintain  a  vitality  which  braves  alike 
the  freezing  cold  of  the  poles  and  the  feverish  warmth  of  the  equator, 
to  spread  its  individuals  over  more  than  half  the  globe.  Whilst  the 
other,  distinguished  it  may  be  from  its  congener  by  some  apparently 
slight  and  useless  difference, — though  the  mark  be  an  indelible  brand 
by  which  nature  has  stamped  that  member  of  her  flock,  and  that  one 
only, — is  incapable  of  assuming  protean  variations,  or  of  enduring 
even  a  slight  change  in  the  physical  conditions  under  which  it  first 
appeared.  It  enjoys  a  fleeting  existence  during  a  short  segment  of 
time,  dies  out  ere  it  has  spread  beyond  a  mere  speck  on  the  earth's 
surface,  disappearing  never  to  reajjpear  ; — perchance,  if  it  belonged 
to  some  primaeval  fauna,  never  to  become  known  to  man  with  all  his 
research,  unless  some  bony  or  shelly  frame- work  gave  consistence  to 
its  otherwise  j)erishable  substance." 

The  lecture  is  full  of  passages  of  exceeding  force  and  beauty,  and 
evinces  a  power  of  illustration  which,  without  once  forsaking  the 
precision  of  science,  is  almost  poetic.  Speaking  of  the  service  to  be 
rendered  by  the  naturalist  to  the  designer,  the  lecturer  concludes  as 
follows  : — "  What  is  ornamental  art  but  the  isolation  and  embodi- 
ment in  works  of  human  skill  of  the  beauty  that  is  diffused  througli 
all  the  works  of  God  ?  And  that  beauty  lies  not  merely  in  the  bulk 
of  objects,  nor  on  their  surface,  but  is  as  manifest  in  every  part  and 
atom  composing  them  as  in  the  combined  whole.  It  is  in  itself  com- 
posite ;  the  combination,  not  of  lesser,  but  of  minuter  beauties.  To 
imitate — to  aj^proach — we  must  attempt  a  like  arrangement,  in  order 
to  obtain  the  same  exquisite  result.  And  how,  except  through 
earnest  and  scientific  study,  can  we  attain  the  knowledge  that  shall 
enable  us  to  discover  the  pathway  leading  towards  perfection .''" 

The  fourth  lecture,  on  the  Importance  of  cultivating  Habits  of 
Observation,  was  delivered  by  Professor  Hunt,  Keeper  of  Mining 
Records. 

In  illustration  of  his  subject,  he  refers  to  the  observation  of  Thales, 
that  rubbed  amber  attracted  light  bodies ;  to  the  discoveries  of  Gal- 
vani  and  GErsted  ;  to  the  attempts  made  to  turn  magnetism  to 
account  as  a  motive  power ;  to  Faraday's  discovery  of  induced  cur- 
rents ;  to  the  discovery  of  the  planet  Neptune  ;  to  the  steam-engine  : 
to  the  researches  of  Boutigny  on  the  spheroidal  condition  of  bodies ; 
and  to  the  glass  used  to  protect  the  plants  in  the  palm-house  in  Kew' 
Gardens.  In  his  remarks  on  lightning-conductors,  we  cannot  help 
thinking  that  the  lecturer,  in  recoiling  from  one  error,  has  fallen 
into  another  equal  and  opposite.  The  author  concludes  his  discourse 
■with  the  following  quotation  : — 

"  Divine  Philosophy ! 
Not  harsh  and  crabbed  as  dull  fools  suppose. 
But  musical  as  is  Apollo's  lute, 
And  a  perpetual  feast  of  nectar'd  sweets 
Where  no  crude  surfeit  reigns." 
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Dec.  11,  ^"^HE  reading  of  Dr.  Faraday's  paper,  entitled  "Experi- 
1851.  J-  mental  Researches  in  Electricity.  Twenty-eighth 
Series.  On  Lines  of  [Magnetic  Force  ^  their  definite  character ;  and 
their  distribution  within  a  Magnet  and  through  Space,"  which  was 
commenced  on  the  27th  November,  was  resumed  and  concluded. 

The  author  defines  a  line  of  magnetic  force  to  be  that  described 
by  a  verj^  small  magnetic  needle,  when  it  is  so  moved,  in  either 
direction  correspondent  to  its  length,  as  to  remain  constantly  a 
tangent  to  the  line  of  motion  ;  or  as  that  along  which  if  a  transverse 
wire  be  moved  in  either  direction,  there  is  no  tendency  to  the  forma- 
tion of  an  electric  current  in  the  wire,  whilst  if  moved  in  any  other 
direction  there  is  such  a  tendency.  Such  lines  are  indicated  by 
iron  filings  sprinkled  about  a  magnet.  These  lines  liave  a  deter- 
minate direction ;  they  have  opposite  qualities  in  and  about  this  di- 
rection, and  the  forces  in  any  part  of  them  are  determinate  for  a  given 
magnet.  They  may,  as  the  author  thinks,  be  employed  with  great 
advantage  to  represent  the  magnetic  force  as  to  its  nature,  condi- 
tion, direction,  and  comparative  amount ;  and  that  in  many  cases 
when  other  representations  of  the  force,  as  centres  of  action,  will 
not  apply. 

The  term  line  of  force,  as  defined  above,  is  restricted  to  mean  no 
more  than  the  condition  of  the  force  in  a  given  place,  as  to  strength 
and  direction ;  and  not  to  include  any  idea  of  the  nature  of  the 
physical  cause  of  the  phenomena  :  at  the  same  time  if  reason  should 
arise  to  think  that  the  physical  condition  of  the  force  partakes  ge- 
nerally of  the  nature  of  a  current  or  of  a  ray,  a  view  Avhich  the 
author  inclines  to,  he  sees  no  objection  in  the  term,  any  more  than 
to  the  terms  current  and  ray,  as  they  are  used  in  considerations 
regarding  electricity  and  light,  because  it  may  accord  with  such  a 
view. 

The  lines  of  magnetic  force,  as  defined  above,  may  be  recognized 
either  by  a  magnetic  needle  or  by  a  moving  wire ;  but  the  two 
methods  are  founded  on  very  different  conditions  and  actions  of  the 
magnetic  force,  and  the  moving  wire  appears  to  have  the  largest 
application.  Its  principle  can  be  applied  in  places  which  are  inac- 
cessible to  the  needle,  and  it  can  sum  up  the  forces  in  a  given  plane 
or  surface  at  any  distance  from  the  central  magnet.  It  has  no  re- 
ference to  results  of  attraction  or  repulsion,  and  in  some  cases  is 
opposed  to  them ;  but  the  author  thinks  it  gives  a  true  view  of  the 
disposition  of  the  magnetic  powers,  and  leads,  and  will  lead  to  a 
more  correct  understanding  of  the  nature  of  the  force.  For  these 
reasons  he  advocates  its  adoption,  not  to  the  exclusion  of  the  needle, 
but  in  conjunction  with  it ;  and  proceeds  to  develope  the  experi- 
mental methods  and  their  results,  and  first  in  the  case  of  a  bar 
magnet. 

Two  bar  magnets,  each  12  inches  long,  1  inch  in  width,  and  0*4 
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of  an  inch  in  thickness,  were  fixed,  side  by  side,  a  little  apart,  with 
like  ends  in  the  same  direction,  on  and  parallel  to  an  axis,  so  that 
they  might  act  as  one  bar  magnet  and  be  revolved  at  pleasure  about 
the  common  axial  line.  A  wire,  which  entering  at  one  j)ole  was 
carried  along  the  axis  of  the  magnetic  arrangement,  was  at  the 
centre  turned  outwards  at  the  equatorial  part,  and  then  made  to 
return  at  a  distance  outside  the  magnet  to  the  place  from  whence  it 
commenced.  At  times  this  wire  was  in  three  parts;  the  axial  part 
being  one,  a  radial  i)art  extending  from  the  centre  to  the  surface  at 
the  equator  and  there  connected  with  a  copper  ring  surrounding  the 
magnet,  being  another,  and  the  part  from  this  ring  on  the  outside  of 
the  magnet,  back  to  the  place  of  commencement,  being  the  third ; 
and  each  of  these  could  revolve  either  separately  or  in  conjunction 
with  the  other  parts,  the  electric  contact  being  complete  in  all  the 
cases,  M'hilst  the  wire  was  insulated  from  the  magnet  by  the  cover- 
ing of  silk.  The  ends  of  this  loop,  as  it  may  be  called,  were  con- 
nected with  a  galvanometer,  and  thus  the  presence  or  absence  of 
electric  currents  ascertained,  and  their  amount  measured.  Two 
galvanometers  were  used ;  one  by  Rheinkorf,  containing  fine  wire, 
and  very  delicate  in  its  action  ;  the  other,  constructed  by  the  author, 
of  copper  wire  0"2  of  an  inch  thick,  passing  only  once  round  each 
needle ;  this,  for  abundant  currents  of  low  intensity,  such  as  those 
generated  in  the  moving  wire,  was  found  many-fold  more  delicate 
in  its  indications  than  the  former. 

The  general  relations  of  a  moving  wire  to  the  magnetic  lines  of 
force  are  then  specified,  and  a  reference  is  made  to  their  discovery  and 
description  by  the  author  in  the  First  Scries  of  these  Experimental 
Researches ;  and  the  law  of  the  evolution  of  the  induced  electrical 
current  is  given.  Referring  to  an  easy  natural  standard,  it  may  be 
said,  that  if  a  person  in  these  latitudes,  where  the  lines  of  force  dip 
69  degrees,  as  shown  by  the  dipping-needle,  move  forward  with 
arms  extended,  then  the  direction  of  an  electric  current  which  would 
tend  to  be  produced  in  a  wire  represented  by  the  arms,  would  be 
from  the  right  hand  through  the  arms  and  body  to  the  left. 

It  will  be  seen,  upon  a  little  consideration,  that  a  wire  which 
touches  a  regular  bar  magnet  at  one  end,  and  is  then  continued 
through  the  air  until  it  touches  it  again  at  the  equator,  if  moved 
once  round  the  magnet,  slipping  at  the  equator  contact  so  as  to 
resume  its  first  position  at  the  end  of  the  revolution,  will  have  in- 
tersected, once,  all  the  lines  of  force  external  to  the  magnet,  and 
neither  more  nor  less,  whatever  its  course  through  the  air,  or 
distance  in  parts  from  the  magnet,  may  be.  Now  when  the  external 
part  of  the  loop  above  described  is  moved  in  this  manner  a  certain 
number  of  degrees  round  the  axis  of  the  magnet,  the  latter  being 
still,  a  current  of  electricity  in  a  given  direction  is  shown  by  the 
galvanometer ;  and  the  proper  precautions  (which  are  described) 
being  taken,  the  current  is  of  the  same  amount  for  the  same  number 
of  degrees  of  revolution,  whether  the  motion  be  quicker  or  slower, 
or  whether  the  wire  be  at  a  greater  or  a  less  distance  in  its  course 
from  the  magnet. 
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If  the  external  part  of  the  loop  be  retained  fixed,  as  also  the  axial 
part,  and  the  magnet  with  the  short  radial  part  of  the  wire  be 
revolved,  an  electric  current  is  again  produced,  of  a  strength  exactly- 
equal  to  the  former  for  the  same  number  of  degrees  of  revolution ; 
but  its  direction  is  the  reverse  of  the  first  current,  when  the  direction 
of  revolution  is  the  same.  In  either  case,  reversing  the  direction  of 
the  revolution  reverses  the  current  produced  by  it.  The  moving 
radial  part  of  the  wire  is  in  this  case  insulated  from  the  magnet, 
and  many  other  experiments,  as  with  discs  at  the  ends  of  the  magnet, 
show,  that  the  motion  of  the  magnet  itself  is  indifferent ;  and  that 
whether  it  revolve  or  is  still,  provided  the  wire  move,  the  result  is 
the  same.  When  the  radial  wire  or  part  of  the  loop,  and  the  ex- 
ternal part  move  together,  then  their  effects  exactly  neutralize  each 
other,  as  they  ought  to  do,  being  in  contrary  directions,  for  the 
same  revolution  ;  and  not  the  slightest  trace  of  a  current  under  the 
extremest  conditions  of  motion,  or  of  the  experiment,  can  be  per- 
ceived. Such  is  the  case,  whatever  the  course  or  distance  of  the 
external  part  of  the  loop  may  be,  or  even  when  the  loop  is  altogether 
external  to  the  magnet,  but  moving  at  the  same  angular  velocity 
either  with  or  around  it. 

When  the  axial  part  of  the  loop  is  revolved  it  produces  no  effect ; 
neither  if  this  part  revolve  or  be  still  does  it  produce  the  least 
influence  on  any  of  the  results  already  described ;  it  acts  simply  as 
a  conductor,  and  is  in  other  respects  perfectly  indifferent.  This 
axial  wire  may  be  replaced  by  the  magnet  itself;  for  when  it  exists 
only  from  the  magnetic  pole  outwards,  and  when  the  radial  wire 
has  contact  with  the  magnets  at  the  centre,  so  as  to  complete  the 
electric  circuit,  the  results  are  exactly  the  same  as  before :  or  the 
axial  wire  may  proceed  to  the  centre  and  then  make  contact  with 
the  magnet,  and  the  radial  wire  be  removed;  when  precisely  the 
same  results  occur  :  or  both  axial  and  radial  parts  may  be  removed, 
the  magnet  serving  both  for  conductor  and  moving  radius,  and  still 
the  results  are  unchanged. 

From  such  results  as  these,  the  author  draws  the  following  con- 
clusions, in  relation  to  the  lines  of  magnetic  force  as  defined  at  the 
commencement.  The  amount  of  magnetic  force  (as  shown  by  the 
electric  current  evolved)  is  determinate ;  and  the  same  for  the  same 
lines  of  force,  whatever  the  distance  of  the  point  or  plane  on  which  ■ 
their  power  is  exerted  is  from  the  magnet :  or  it  is  the  same  in  any 
two  or  more  sections  of  the  same  lines  of  force.  There  is  no  loss 
or  destructibility,  or  evanescence  or  latent  state  of  the  magnetic 
power.  Convergence  or  divergence  of  the  lines  of  force  causes  no 
difference  in  the  amount  of  their  power.  Obliquity  of  intersection 
causes  no  difference.  In  an  equal  field  of  magnetic  force  the  elec- 
tricity evolved  is  proportionate  to  the  time  of  motion,  or  to  the 
velocity  of  motion,  or  to  the  amount  of  lines  of  force  intersected. 

The  internal  state  of  the  magnet  is  then  examined  by  means  of 
the  results  obtained  with  the  radial  wire,  or  the  moving  magnet 
when  the  latter  makes  part  of  the  circuit;  and  the  conclusion  is 
arrived  at,  that  there  are  within  the  magnet  lines  of  magnetic  force 
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as  defined  as,  and  exactly  equal  in  amount  to,  those  outside  of  it ; 
that  these  are  continuations  of  the  former ;  and  that  every  line  of 
mao-netic  force,  whatever  distance  it  may  extend  to  from  a  magnet, 
('and  in  principle  that  is  infinite,)  is  a  closed  curve,  which  in  some 
part  of  its  course  passes  through  the  magnet  iu  conformity  with 
■what  is  called  its  polarity. 

A  current  being  thus  induced  in  a  closed  wire,  when  it  travels 
across  magnetic  lines  of  force,  an  inquiry  is  next  made  into  the 
effect  of  altering  the  mass  or  diameter  of  the  wire,  and  another  form 
of  apparatus  is  employed,  in  which  loops  of  wire  are  made  to  inter- 
sect a  given  amount  of  lines  ;  each  loop  consisting  of  a  given  length 
of  wire,  but  either  of  wires  of  different  diameter,  or  of  one  or  more 
wires  of  the  same  diameter.  The  conclusion  arrived  at  is,  that  the 
current  or  amount  of  electricity  evolved  is  not  simply  as  the  space 
occupied  by  the  breadth  of  the  wire  correspondent  to  the  direction 
of  the  line  of  force,  which  has  relation  to  the  polarity  of  the  power; 
nor  by  that  width  or  dimension  of  it  which  includes  the  number  or 
amount  of  lines  of  force  intersected,  and,  which  corresponding  to 
the  direction  of  the  motion  has  relation  to  the  equatorial  condition 
of  the  lines  ;  but  is  jointly  as  the  two,  or  as  the  mass  of  the  wire. 

The  moving  wire  was  next  surrounded  by  different  media,  as  air,  al- 
cohol, water,  oil  of  turpentine,  &c.,  but  the  result  was  the  same  in  all. 

Wires  of  different  metals  were  used,  and  results  in  accordance 
with  those  obtained  and  described  in  the  Second  Series  of  these 
Researches  were  obtained  :  the  conclusion  is,  that  the  current  excited 
appears  to  be  directly  as  the  conducting  power  of  the  substance 
employed.  It  has  no  particular  reference  to  the  magnetic  character 
of  the  body;  for  iron  comes  between  tin  and  platinum,  presenting  no 
other  distinction  than  that  due  to  conducting  power,  and  differing 
fai'  less  from  these  metals  than  they  do  from  metals  not  magnetic. 

Magnetic  polarity  then  comes  under  consideration.  The  author 
understands  by  this  phrase,  the  opposite  and  antithetical  actions 
which  are  manifest  at  the  opposite  ends,  or  the  opposite  sides,  of  a 
limited  portion  of  a  line  of  force.  He  is  of  opinion  that  these 
qualities,  or  conditions,  are  not  shown  with  certainty  in  every  case, 
by  attractions  and  repulsions ;  thus  a  solution  of  sulphate  of  iron 
will  be  attracted  by  a  magnetic  pole  if  surrounded  by  a  solution 
weaker  than  itself,  as  shown  in  former  researches  on  diamagnetic 
and  paramagnetic  action ;  but  if  sun'ounded  by  a  solution  stronger 
than  itself  it  will  be  repelled.  Yet  the  direction  of  the  lines  of  force 
passing  through  it  and  the  surrounding  media  cannot  be  reversed  in 
these  two  cases,  and  therefore  the  polarity  remains  the  same.  The 
moving  wire  however  shows,  in  similar  cases,  the  true  polarity  or 
direction  of  the  forces ;  and  for  an  application  of  its  principles,  in 
this  respect,  to  the  metals,  an  apj)aratus  is  described  by  which  discs 
of  different  metals  can  be  revolved  between  the  poles  of  a  horse-shoe 
magnet  and  the  electric  currents  evolved  in  them  carried  off  to  the 
galvanometer.  Now,  whether  the  discs  be  of  paramagnetic  or  dia- 
magnetic metals,  whether  of  iron,  or  bismuth,  or  copper,  or  tin,  or 
lead,  the  direction  of  the  current  produced  shows,  that  the  lines  of 
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magnetic  force  passing  through  the  metals  is  the  same  in  all  the 
cases,  and  hence  the  polai'ity  within  them  the  same. 

The  author  then  gives  a  more  explicit  meaning,  in  accordance 
with  the  definition  of  line  of  magnetic  force  contained  in  this  paper, 
to  some  of  the  expressions  used  in  the  three  last  series  of  his 
Researches  on  Magnetic  Condition,  Atmospheric  jMagnetism,  &c. : 
and  by  referring  to  former  results  obtained  since  the  year  1830, 
illustrates  how  much  the  idea  of  lines  of  force  has  influenced  the 
course  of  his  investigations,  and  the  I'esults  obtained  at  different 
times,  and  the  extent  to  which  he  has  been  indebted  to  it ;  and  then, 
recommending  for  many  special  reasons  the  mode  of  examining 
magnetic  forces  by  the  aid  of  a  moving  conductor,  he  brings  for  the 
present  his  subject  to  a  conclusion. 
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June  13,  1851. — On  some  Imjiiovements  in  Reflecting  Instru- 
ments.    By  Prof.  Piazzi  Smyth. 

In  the  course  of  his  lectures  on  Practical  Astronomy  to  the 
students  of  the  Edinburgh  University  last  winter.  Prof.  P.  Smyth, 
had  unusual  opportunity  of  ascertaining  those  points  in  the  making 
of  the  generality  of  the  observations  of  navigators  by  sea  and  of 
travellers  on  land,  which  presented  the  greatest  difficulty  to  be- 
ginners. And  as  these  points  generally  consisted  of  needless  pe- 
culiarities, sometimes  absolute  imperfections  in  the  instruments, 
the  Professor  proceeded  to  remove  them  as  well  as  he  could,  and 
the  result  maj-,  perhaps,  be  more  extensively  useful,  especially  as 
the  difficulties  were  generally  felt  on  the  sextant  being  applied  to 
observations  of  stars  by  night,  a  more  exact  means  than  the  sun 
by  day,  and  therefore  to  be  encouraged  and  assisted  in  every  waj^. 

In  naval  observations  the  impediments  were,  both  by  the  expe- 
rience of  the  class,  and  by  the  testimony  of  naval  officers,-^— 

1st.    Difficulty  of  seeing  and  of  bringing  down  the  star. 

2nd.  Difiiculty  of  seeing  the  horizon  line  at  night. 

3rd.  Difficulty  of  reading  off  the  angle  on  the  limb. 

The  first  of  these,  in  so  far  as  it  depended  on  the  dark  field  of 
the  telescope,  he  proposed  to  remedy  by  employing  a  telescope  of 
large  aperture,  say  2  inches,  in  place  of  the  usual  size,  ^  or 
^  inch  ;  in  so  far  as  the  loss  of  light  was  occasioned  by  reflexion  and 
absorption  at  the  glasses,  he  intended  to  remove  this  by  employing 
vietal  reflectors,  by  which,  too,  the  occasional  nuisance  of  second 
images  would  be  avoided  and  greater  accuracy  obtained.  He  had 
tried  speculum  metal  for  the  purpose  with  great  advantage ;  but, 
under  some  circumstances,  he  was  in  hopes  of  being  able  to  employ 
silver,  which  has  lately  been  found  to  be  capable  of  I'eflecting  near 
double  the  amount  of  light  that  speculum  m.eta1  does,  though  that 
retains  more  than  quicksilvered  glass ;  and  then,  in  so  far  as  the 
loss  of  the  star  in  "bringing  down"  is  caused  by  the  diminished 
surface  exposed  by  the  index-glass  at  large  angles,  he  proposed  to 
make  that  larger  than  usual :  besides  which,  the  reflexion  taking 
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place  in  the  metal  at  the  first  surface,  there  would  be  no  loss,  as 
now,  from  the  thickness  of  the  edges  of  the  glass  or  the  sides  of  the 
brass  box  containing  it. 

The  second  diificulty  would  he  alleviated  l)y  the  same  adoption 
of  the  large  object-glass:  besides  the  loss  of  light  by  transmission 
through  the  so-called  transparent  part  of  ihe  present  horizon-glass 
would  be  done  away  with  by  the  employment  of  the  metal  reflectors. 
The  third  difficult)'  was  also  shown  to  be  gratuitous,  for  the 
reflector  of  the  reading-glass  was  in  general  so  placed  that  the 
light  of  the  lamp  could  not  get  to  it,  and  if  it  did,  would  be  thrown 
away  from  the  arc  instead  of  on  it :  and  were  even  that  managed, 
the  surface  of  the  vernier  and  arc  being  in  different  planes,  the 
same  ray  of  light  would  not  illumine  them  both  at  the  same  time. 
By  placing  them,  however,  both  in  the  same  plane,  and  by  putting 
the  reflector  at  an  angle  of  45^  to  the  limb,  instead  of  j)urallel  to  it, 
so  as  to  receive  parallel  light  and  throw  it  straight  down  to  the 
divisions,  it  was  found  that  they  could  easily  be  read  by  a  very 
faint  light. 

For  accuracy,  opposite  readings  were  deemed  essential,  and  a 
circle  insisted  on  in  place  of  a  sextant  or  quadrant :  and  the 
author,  considering  that  the  failure  of  the  reflecting  circle  in  se- 
curing a  permanent  footing  in  the  navy  arose  from  its  being  made 
in  general  too  large  and  heavy,  and  complicated,  he  had  devised  a 
very  small,  but  strong  and  simple  form  ;  the  telescope  was  mora 
firmly  connected  by  moving  in  grooves  on  the  large  surface  of  the 
face  of  the  circle,  instead  of  rising  by  the  usual  single  screw ;  and 
in  place  of  the  inconvenient  plan  of  having  to  reverse  the  hands  so 
as  to  put  the  instrument  into  its  box  face  uppermost  (which  makes 
the  getting  of  it  out  again  without  pulling  at  the  reflector  or  some 
such  delicate  parts,  difficult),  by  placing  the  legs  not  on  the  back 
but  on  the  face,  the  instrument  may  be  either  put  into  its  box, 
or  down  on  the  floor,  or  anywhere,  face  first,  with  the  same  hand 
which  was  moving  it  in  the  observation,  with  the  divisions  and 
tlie  reflectors  protected  from  all  accidents,  and  the  whole  instru- 
ment ready  at  any  time  on  a  moment's  notice  (for  the  telescope 
never  need  be  taken  ofi^,  with  its  improved  fixing),  to  take  advantage 
of  an  instantaneous  opportunity  of  observation. 

So  much  for  the  use  of  the  reflecting  instrument  at  sea  :  as  used 
on  land,  the  following  difficulties  were  found,  and  are  generally  re- 
cognised : — 

1st.  The  impossibility  of  measuring  in  the  mercury  either  sun 
or  star  when  within,  say  20°  of  the  zenith,  from  the  reflecting 
instrument  not  taking  in  so  large  an  angle;  and  again,  when  within, 
say  10°  of  the  horizon,  from  the  foreshortening  of  the  reflecting 
surface. 

2nd.  The  difficulty  of  seeing  the  referring  point  all  night,  viz. 
the  reflected  image  of  the  star,  when  black  glass  is  employed ;  and 
the  trouble  with  wind  when  employing  mercury,  as  well  as  with  other 
causes  producing  vibration ;  and  the  great  weight  and  liability  to 
loss  in  long  journeys  through  difficult  and  uncivilized  countries. 
All  these  difficulties  seemed  to  be  met  by  making  the  reflecting 
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surface  of  speculum  metal,  leveled  by  a  spirit-level ;  and  when  the 
reflected  object  could  not  be  seen,  attaching  to  the  metal  a  col- 
limating;  telescope,  whose  optical  axis  was  parallel  with  the  pre- 
viouslj'  leveled  surface,  and  was  defined  at  the  focus  end  by  a 
horizontal  slit,  illuminated  by  a  lamp  at  night,  so  as  completely  to 
remove  all  difficulty  of  seeing  the  referring  object,  and  allowing  of 
almost  the  whole  object-glass  being  brought  to  bear  on  the  star. 

Difficulty  having  been  found  by  the  students  in  keeping  sight 
of  an  object  reflected  from  the  artificial  horizon,  the  latter  was 
generally  placed  on  a  stand  so  as  to  bring  it  near  the  eye,  and 
make  it  thereby  offer  a  large  angular  space,  which  was  pretty  sure 
not  to  be  exceeded  by  the  shaking  of  the  hand  or  involuntary 
movement  of  the  head  of  an  unpractised  observer  ;  but  it  was 
found  requisite,  nut  only  to  make  the  stand  firm,  but  to  improve 
the  steadiness  of  the  leveling  screws,  which  was  done  by  making 
them  parts  of  a  fixed  frame,  with  the  reflector  moveable  on  them, 
and  capable  of  being  fastened  in  any  position  between  opposite  nuts. 

A  sextant  with  all  the  improvements  (except  the  opposite  read- 
ings), a  full-sized  model  of  a  circle,  and  one  of  the  reflecting 
horizon,  were  shown  ;  but  Prof.  Smyth  did  not  mean  to  claim  any 
part  of  them  as  his  own  invention  ;  for  without  making  any  special 
inquiries  as  to  how  far  he  might  have  been  preceded  by  any  one 
else,  he  believed  that  he  had  only  brought  to  bear  on  this  subject 
individual  improvements  long  and  well  known  in  other  departments 
of  the  science  ;  but  as  they  had  never,  he  thought,  been  so  com- 
pletely united  before,  and  as  such  a  reunion  might  enable  observa- 
tions often  to  be  obtained  when  now  they  are  given  up,  he  hoped 
that  the  communication  might  not  be  uninteresting  to  some  of  the 
numerous  working  members  of  the  Society, 
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ON    THE    PRODUCTION    OF    INSTANTANEOUS    PHOTOGRAPHIC 
IMAGES.        BY   H.   F.  TALBOT^  ESQ. 

TT  will  probably  be  in  the  recollection  of  some  of  your  readers 
-■-  that  in  the  month  of  June  last  a  successful  experiment  was  tried  at 
the  Royal  Institution,  in  which  the  photographic  image  aa  as  obtained 
of  a  printed  paper  fastened  upon  a  wheel,  the  wheel  being  made  to 
revolve  as  rapidly  as  possible  during  the  operation. 

From  this  experiment  the  conclusion  is  inevitable,  that  it  is  in  our 
power  to  obtain  the  pictures  of  all  moving  objects,  no  matter  in  how 
rapid  motion  they  may  be,  provided  we  have  the  means  of  sufficiently 
illuminating  them  with  a  sudden  electric  flash.  But  here  we  stand 
in  need  of  the  kind  assistance  of  scientific  men  who  may  be  acquainted 
with  methods  of  producing  electric  discharges  more  powerful  than 
those  in  ordinary  use.  What  is  required,  is,  vividly  to  light  up  a 
whole  apartment  with  the  discharge  of  a  battery  : — the  photographic 
art  will  then  do  the  rest,  and  depict  whatever  may  be  moving  across 
the  field  of  view. 
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I  had  intended  to  communicate  much  earlier  the  details  of  this 
experiment  at  the  Royal  Institution,  but  was  ])revented  from  doing 
so  at  the  time ;  and  soon  afterwards  I  went  on  the  Continent  in 
order  to  observe  the  total  solar  eclipse  of  the  '28th  of  July.  This 
most  interesting  i)hcEnomenon  I  had  the  pleasure  of  witnessing  at 
the  little  town  of  ATarienburg,  in  the  north-eastern  corner  of  Prussia. 
The  observations  will  appear,  I  believe,  in  a  forthcoming  volume  of 
the  Transactions  of  the  Royal  Astronomical  Society.  Among  other 
things,  I  was  enabled  to  make  a  satisfactory  estimate  of  the  degree 
of  darkness  during  the  total  obscuration  ;  which  proved  to  be  equal 
to  that  which  existed  one  hour  after  sunset  the  same  evening,  the 
weather  being  during  that  evening  peculiarly  serene,  so  as  to  allow 
of  a  just  comparison. 

This  Continental  journey  having  effectually  interrupted  my  ])hoto- 
graphic  labours,  I  have  only  recently  been  able  to  resume  them.  I 
shall  therefore  now  proceed  to  describe  to  you  exactly  the  mode  in 
which  the  plates  were  prepared  which  we  used  at  the  Royal  Institu- 
tion ;  at  the  same  time  not  doubting  that  much  greater  sensibility 
will  be  attained  by  the  efforts  of  the  many  ingenious  persons  who 
are  now  cultivating  the  art  of  photography.  And  it  is  evident  that 
an  increased  sensibility  would  be  as  useful  as  an  augmentation  in  the 
intensit)^  of  the  electric  discharge. 

The  mode  of  preparing  the  plates  was  as  follows  : — 

1.  Take  the  most  liquid  portion  of  the  white  of  an  eg^,  rejecting 
the  rest.  Mix  it  with  an  equal  quantity  of  water.  Spread  it  very 
evenly  upon  a  plate  of  glass,  and  dry  it  at  the  fire.  A  strong  heat 
may  be  used  without  injuring  the  plate.  The  film  of  dried  albumen 
ought  to  be  uniform  and  nearl^y  invisible. 

2.  To  an  aqueous  solution  of  nitrate  of  silver  add  a  considerable 
quantity  of  alcohol,  so  that  an  ounce  of  the  mixture  may  contain 
three  grains  of  the  nitrate.  I  have  tried  various  proportions,  from 
one  to  six  grains,  but  perhaps  three  grains  answer  best.  More  ex- 
periments are  here  required,  since  the  results  are  much  influenced 
by  this  part  of  the  process. 

3.  Uij-)  the  jilate  into  this  solution,  and  then  let  it  dry  sponta- 
neously. Faint  prismatic  colours  will  then  be  seen  upon  the  plate. 
It  is  important  to  remark,  that  the  nitrate  of  silver  a])pears  to  form 
a  true  chemical  combination  with  the  albumen,  rendering  it  much 
harder,  and  insoluble  in  liquids  which  dissolved  it  previously. 

4.  Wash  with  distilled  water  to  remove  any  superfluous  portions 
of  the  nitrate  of  silver.  Then  give  the  plate  a  second  coating  of 
albumen  similar  to  the  first ;  but  in  drying  it  avoid  heating  it  too 
much,  which  would  cause  a  commencement  of  decomposition  of  the 
silver.  I  have  endeavoured  to  dispense  with  this  operation  No.  4, 
as  it  is  not  so  easy  to  give  a  perfectly  uniform  coating  of  albumen 
as  in  No.  1.  Rut  the  inferiority  of  the  results  obtained  without  it 
induces  me  for  the  present  to  consider  it  as  necessary. 

5.  To  an  aqueous  solution  of  protiodide  of  iron  <i(\d.  first  an  equal 
volume  of  acetic  acid,  and  then  ten  volumes  of  alcohol.  Allow  the 
mixture  to  repose  two  or  three  days.     At  the  end  of  that  time  it 
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■vrill  have  changed  colour,  and  the  odour  of  acetic  acid  as  well  as  that 
of  alcohol  wLll  have  disappeared,  and  the  liquid  will  have  acquired  a 
peculiar  but  agreeable  vinous  odour.  It  is  in  this  state  that  I  prefer 
to  employ  it. 

6.  Into  the  iodide  thus  prepared  and  modified  the  plate  is  dipped 
for  a  few  seconds.  All  these  operations  may  be  performed  by  mode- 
rate daylight,  avoiding  however  the  direct  solar  rays. 

7.  A  solution  is  made  of  nitrate  of  silver,  containing  about  70 
grains  to  one  ounce  of  water.  To  three  parts  of  this  add  two  of 
acetic  acid.  Then  if  the  prepared  plate  is  rapidly  dipped  once  or 
twice  into  this  solution  it  acquires  a  very  great  degree  of  sensibility, 
and  it  ought  then  to  be  placed  in  the  camera  without  much  delay. 

8.  The  plate  is  withdrawn  from  the  camera,  and  in  order  to  bring 
out  the  image  it  is  dipped  into  a  solution  of  protosulphate  of  iron, 
containing  one  part  of  the  saturated  solution  diluted  with  two  or 
three  parts  of  water.     The  image  appears  very  rapidly. 

9.  Having  washed  the  plate  with  water,  it  is  now  j^laced  in  a  so- 
lution of  hyposulphite  of  soda,  which  in  about  a  minute  causes  the 
image  to  brighten  up  exceedhigly  by  remo\'ing  a  kind  of  veil  which 
previously  covered  it. 

10.  The  plate  is  then  washed  with  distilled  water,  and  the  process 
is  terminated.  In  order,  however,  to  guard  against  future  accidents, 
it  is  well  to  give  the  picture  another  coating  of  cdbumen  or  of  varnish. 

These  operations  may  appear  long  in  the  description,  but  they  are 
rapidly  enough  executed  after  a  little  practice. 

In  the  process  which  I  have  now  described,  I  trust  that  I  have 
effected  a  harmonious  combination  of  several  previously  ascertained 
and  valuable  facts — especially  of  the  photographic  property  of  iodide 
of  iron,  which  was  discovered  by  Dr.  Woods  of  Parsonstown,  in 
Ireland,  and  that  of  sulphate  of  iron,  for  which  science  is  indebted 
to  the  researches  of  Mr.  Robert  Hunt.  In  the  true  adjustment  of 
the  proportions,  and  in  the  mode  of  operation,  lies  the  difficulty  of 
these  investigations  ;  since  it  is  possible  by  adopting  other  propor- 
tions and  manipulations  not  very  greatly  differing  from  the  above, 
and  which  a  careless  reader  might  consider  to  be  the  same,  not  only 
to  fail  in  obtaining  the  highly  exalted  sensibility  which  is  desirable 
in  this  process,  but  actually  to  obtain  scarcely  any  photographic  re- 
sult at  all. 

To  return,  however,  from  this  digression. — The  pictures  obtained 
by  the  above-described  process  are  negative  by  transmitted  light  and 
positive  by  reflected  light.  V.'hen  I  first  remarked  this,  I  thought 
it  would  be  desirable  to  give  these  pictures  a  distinctive  name,  and 
I  proposed  that  of  Amphiti/pe,  as  expressive  of  their  double  nature — 
at  once  positive  and  negative.  Since  the  time  when  I  first  observed 
them,  the  Collodion  process  has  become  known,  which  produces  pic- 
tures having  almost  the  same  peculiarity.  In  a  scientific  classifica- 
tion of  photographic  methods,  these  ought  therefore  to  be  ranked 
together  as  species  of  the  same  genus.  These  Amphitype  pictures 
differ  from  the  nearly  related  Collodion  ones  in  an  important  circum- 
stance, viz.  the  great  hardness  of  the  film  and  the  firm  fixation  of 
the  image,  which  is  such  that  in  the  last  washing,  No.  10,  the  image 
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may  be  rubbed  strongly  with  cotton  and  water  without  any  injury 
to  it ;  but,  on  the  contrary,  with  much  imi)rovcmcnt,  as  this  removes 
any  particles  of  dust  or  other  impurity,  and  gives  the  whole  picture 
a  fresh  degree  of  vivacity  and  lustre.  A  Daguerreotype  ])icture  would 
be  destroyed  by  such  rough  usage  before  it  was  completely  fixed  and 
finished. 

In  examining  one  of  the  Amphitype  pictures,  the  first  thing  that 
strikes  the  obser\'er  is,  the  much  greater  visibility  of  the  positive 
image  than  of  the  negative  one  ;  which  is  at  least  in  the  proportion 
of  ten  to  one,  since  it  is  not  rare  to  obtain  plates  which  are  almost 
invisible  by  transmitted  light,  and  which  yet  present  a  briUiant  pic- 
ture full  of  details  when  seen  by  reflected  light. 

The  object  of  giving  to  the  plates  a  second  coating  of  albumen,  as 
prescribed  in  No.  4,  is  chiefly  in  order  to  obtain  this  well-developed 
positive  image  ;  for  it  is  a  most  extraordinary  fact,  that  a  small 
change  in  the  relative  proportions  of  the  chemical  substances  em- 
ployed enables  us  at  pleasure  to  cause  the  final  image  to  be  either 
entirely  negative  or  almost  entirely  positive.  In  performing  the  ex- 
periment of  the  rotating  wheel  the  latter  process  must  be  adopted, 
since  the  transmitted  or  negative  image  is  not  strong  enough  to  be  vi- 
sible unless  the  electric  flash  producing  it  bean  exceedingly  bright  one. 

I  now  proceed  to  mention  a  peculiarity  of  these  images  which  ap- 
pears to  me  to  justify  still  further  the  name  of  Amphitype,  or,  as  it 
may  l)e  rendered  in  other  words,  "ambiguous  image."  Until  lately 
I  had  imagined  that  the  division  of  photographic  images  into  positive 
and  negative  was  a  complete  and  rigorous  one,  and  that  all  images 
must  be  of  either  the  one  or  the  other  kind.  But  a  third  kind  of 
image  of  a  new  and  unexpected  nature  is  observed  upon  the  Amphi- 
tj-pe  plates.  In  order  to  render  this  intelligible,  I  will  first  recall 
the  general  fact  that  the  image  seen  by  transmitted  light  is  negative 
and  that  by  reflected  light  positive.  Yet,  nevertheless,  if  we  vary 
the  inclination  of  the  plate,  holding  it  in  various  lights,  we  shall  not 
fail  speedily  to  discover  a  position  in  which  the  image  is  positive 
although  seen  by  transmitted  light.  This  is  already  a  fact  greatly 
requiring  explanation.  But  the  most  singular  part  of  the  matter  is, 
that  in  this  new  image  (which  I  call  the  transmitted  positive),  the 
brightest  objects  (viz.  those  that  really  are  brightest,  and  which  ap- 
pear so  in  the  reflected  positive)  are  entirely  wanting.  In  the  places 
where  these  ought  to  have  been  seen,  the  picture  appears  pierced 
with  holes,  through  which  are  seen  the  objects  which  are  behind. 
Now,  if  this  singularity  occurred  in  all  the  positions  in  which  the 
plate  gives  a  positive  image,  I  should  be  satisfied  with  the  explana- 
tion that  the  too  great  brightness  of  the  objects  had  destroyed  the 
photographic  eflfect  which  they  had  themselves  at  first  produced. 
But  since  this  eff'ect  takes  place  in  the  transmitted  positive  but  not  in 
the  reflected  positive,  I  am  at  a  loss  to  suggest  the  reason  of  it, 
and  can  only  say  that  this  part  of  optical  science,  dependent  upon 
the  molecular  constitution  of  bodies,  is  in  great  need  of  a  most  careful 
experimental  investigation. 

The  delicate  experiment  of  the  revolving  wheel  requires  for  its 
success  that  the  iodide  of  iron  employed  should  be  in  a  peculiar  or 
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definite  chemical  state.  This  substance  presents  variations  and  ano- 
maUes  in  its  action  which  greatly  influence  the  result.  Those  pho- 
tographers, therefore,  who  may  repeat  the  experiment  will  do  well  to 
fix  their  principal  attention  upon  this  point.  It  is  also  requisite  in 
winter  to  warm  the  plates  a  little  before  placing  them  in  the  camera. 
In  pursuing  this  investigation,  I  have  been  much  struck  with  the 
wide  field  of  research  in  experimental  optics  which  it  throws  open. 
By  treating  plates  of  albumened  glass  with  different  chemical  solu- 
tions, the  most  beautiful  Newtonian  colours,  or  "  colours  of  thin 
plates,"  may  be  produced.  And  it  often  happens  that  the  landscapes 
and  pictures  obtained  by  the  camera  present  lively  though  irregular 
colours.  These  not  being  in  conformity  with  nature  are  at  present 
useless  ;  with  this  exception,  nevertheless,  that  in  many  pictures  I 
have  found  the  colour  of  the  sky  to  come  out  of  a  very  natural  azure 
blue.  I  hope  soon  to  have  the  leisure  requisite  for  pursuing  this 
very  interesting  branch  of  inquiry,  and  in  the  mean  time  I  venture 
to  recommend  it  to  the  notice  of  your  scientific  readers. — Atheneeum, 
Dec.  6,  1851.  

ON  COPPER  CRYSTALLIZED  BY   MEANS  OF  PHOSPHORUS. 
BY  F.  WOHLER. 

The  experiments  of  Bcick  and  Vogel,  sen.,  have  taught  us  that 
the  whole  of  the  copper  in  a  solution  of  the  sulphate  contained  in 
closed  vessels  is  reduced  by  phosphorus  ;  crystalline  laminae  of  greater 
or  less  thickness,  according  to  the  duration  of  the  reaction,  having 
the  form  of  the  piece  of  phosphorus  and  of  a  beautiful  bright  copper 
colour,  being  formed.  If  the  pieces  of  phosphorus  are  placed  in 
contact  with  bright  copper  wires,  reduction  of  the  copper  also  takes 
place  upon  them,  and  this  in  distinct,  mostly  well-formed  octohedral 
crystals,  the  form  of  which,  when  the  process  is  allowed  to  continue 
for  weeks  and  months,  with  a  quantity  of  undissolved  crystals  of  the 
sulphate  in  the  solution,  is  distinguishable  to  the  naked  eye  ;  at  the 
same  time  the  whole  of  the  phosphorus  disappears,  and  the  masses 
of  copper  reduced  by  it  are  found  filled  inside  with  black  pulverulent 
phosphuret  of  copper. — Ann.  der  Chem.  und  Pharm.  vol.  Ixxix.  p.  126. 


ON  THE  ACCIDENTAL  COLOURS  WHICH  RESULT  FROM  LOOKING 
AT  WHITE  OBJECTS.       BY  M.  D.  M.  SEGUIN. 

1 .  If  after  having  looked  for  some  time  at  a  white  object  the  eyes 
are  closed,  a  coloured  image  of  the  object  is  seen.  This  image  pre- 
sents a  number  of  colours,  which  change  little  by  little  :  as  an  ex- 
ample, I  will  narrate  the  following  instance.  After  looking  at  a 
very  brilliant  object,  such  as  a  white  screen  seen  by  the  transmitted 
light  of  the  sun,  on  closing  the  eyes  the  image  appears  at  the 
first  moment  green,  olive-green  or  yellow ;  but  there  is  a  red 
border  all  round,  followed  by  much  darker  tints.  After  a  few  mo- 
ments the  image  becomes  decidedly  yellow,  but  the  coloured  border 
approaches  towards  the  centre  of  the  image  :  the  latter  acquires  a 
deeper  yellow,  a  zone  of  orange  and  a  zone  of  red  gain  gradually 
upon  the  yellow,  and  at  the  same  time  the  dark  tint  which  was 
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beyond  the  red  separates  into  a  number  of  coloured  zones  of  great 
intensity,  presenting  violet,  indigo,  blue,  green.  AH  the  colours 
advance  one  after  the  other  towards  the  centre  of  the  image,  which 
they  successively  occuj)y. 

By  varying  the  brightness  of  the  object,  and  the  length  of  time  of 
looking  at  it,  I  have  been  able  to  detect  one  or  two  constant  series 
of  colours,  apparently  very  different,  which  these  accidental  images 
jiresent. 

2.  When  the  accidental  image  is  formed  in  the  eyes,  if  they  are 
opened  towards  a  white  surface,  the  image  remains;  but  it  generally 
jDasses  from  the  tint  which  it  has  to  one  of  those  which  it  would 
assume  at  a  later  period  if  the  eyes  were  kept  closed,  and  at  the 
same  time  the  tints  which  still  remain  at  the  border  advance  more 
towards  the  centre,  which  they  occujjy  successively.  The  white  light 
■which  enters  the  eye  has  therefore  the  effect  of  accelerating  the  pro- 
gression of  the  colours  from  the  circumference  to  the  centre  of  the 
image.  I  have  traced  this  influence  of  the  exterior  white  light, 
whether  by  opening  the  eyes  before  a  surface  more  or  less  lighted, 
or  by  gradually  opening  them,  and  I  have  found  that  the  tint  to 
W'hich  the  image  passes  is  more  advanced  in  the  series  when  the  ex- 
terior light  is  more  intense. 

3.  My  experiments  have  enabled  me  to  observe  those  instances  in 
which  the  accidental  image  of  a  white  object  passes  through  alter- 
nations of  brightness  and  darkness  ;  I  have  always  observed  that  the 
images  are  coloured. 

In  the  hope  of  being  able  to  account  for  these  effects,  I  have  en- 
tered upon  the  study  of  the  accidental  images  produced  by  coloured 
objects.  This  part  of  the  question  has  been  much  disputed.  I  have 
repeated  almost  all  the  experiments  described  by  various  authors, 
and  have  frequently  been  astonished  at  the  results  which  I  have  ob- 
tained. I  shall  describe  these  in  a  second  memoir. — Comptes  Rendus, 
Dec.  8,  1851.  

EXTRAORDINARY  SPOTS  ON  THE  SUN. 

On  Saturday  last,  the  29th  of  November,  the  solar  maculae,  which 
have  of  late  been  very  numerous,  assumed  a  remai'kable  shape  and 
occurred  in  very  considerable  number.  Dr.  Forster,  who  has  been 
occupied  of  late  in  taking  drawings  of  these  spots,  observes  that  he 
has  never  seen  any  spot  on  the  sun's  disc  so  large  or  unusual  in  form 
as  that  which  occurred  on  Saturday  :  it  was  of  a  long  and  irregular 
form,  densely  black,  and  surrounded  with  a  widely-spreading  greyish 
margin,  as  well  as  by  several  other  smaller  macula.  Many  other 
more  round  and  compact  spots  appeared  on  other  parts  of  the  disc. 
But  the  most  remarkable  circumstance  was  the  rapid  changes  ob- 
served in  these  phfienomena.  While  Dr.  Forster  was  observing  them, 
several  new  spots  broke  out  into  view. 

The  connexion  of  these  phjenomena  with  the  abundance  of  wet 
and  cold  were  formerly  noticed  by  the  late  Dr.  Herschel.  Now  that 
the  w^eather  has  been  dry  in  England,  a  more  than  ordinary  quantity 
of  snow  and  rain  has  fallen  on  the  Continent. 

Bruges,  Dec.  5,  1851. 
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OBITUARY. MR.  SAMUEL  VEALt,. 

Died  at  Boston,  Lincolnsliire,  ou  the  17th  of  August  1851,  aged 
71  years. 

It  may  be  said  of  him,  that  m  youth,  and  untU  his  mental  powers 
had  become  enfeebled  by  age,  he  was  diligent  in  the  attainment  of 
knowledge.  From  his  early  days  he  was  fond  of  books  and  expe- 
rimental science.  At  a  time  when  philosophy  was  by  no  means 
fashionable,  especially  about  1808  and  1809,  he  was  amongst  the 
earliest  projectors  and  friends  of  a  Literary  and  Philosophical  Society 
in  Boston,  his  native  town.  In  connection  with  this  Society,  he  be- 
came Secretary,  and  delivered  lectiu-es  on  Electricity,  Optics,  Galva- 
nism, iS:c.,  and  it  is  believed  continued  his  efforts  so  long  as  he  could 
find  coadjutors  to  act  with  him.  He  engaged  in  those  pursuits 
simply  for  the  improvement  of  himself  and  his  neighbours. 

It  may  well  be  presumed,  that  his  Meteorological  Journal,  which 
he  kept  methodically  and  perseveringly  for  many  years,  and  commu- 
nicated to  this  Magazine  from  the  year  181 G,  has  aided  m  throwing 
some  light  upon  the  laws  which  govern  the  changes  of  the  atmosphere, 
and  may  have  induced  others  to  contribute  in  like  manner  to  meteo- 
rological science. 

He  was  considerate  to  a  faidt  of  those  whom  he  employed  in  busi- 
ness ;  and  though  often  injured  himself,  he  was  not  known  to  act 
injuriously  towards  others.  Punctihously  honest,  he  even  made 
scruples  where  many  mdinduals  esteemed  upright  woidd  see  nothing 
to  blame.  He  has  left  a  widow  and  family  to  revere  his  memory  and 
imitate  his  virtues. 

METEOROLOGICAL  OBSERVATIONS  FOR  XOV.  1851. 
Chiswick. — November  1.  Overcast :  veryfine:  clear:  frosty.  2.  Fine :  hail-shower. 
3.  Hoar-frost :  ven"  fine :  cloudy :  rain.  4.  Rain :  fine,  hut  cold.  5.  Clear  and 
frosty:  shght  rain  at  night.  6.  Clear  and  flue:  cloudy.  7.  Cloudy  and  cold.  8. 
Fine:  rain.  9.  Foggy:  fine:  rain.  10.  Very  fine:  drizzly  at  night.  11,12.  Very 
fine.  13.  Foggy.  14.  Clearandfine.  15.  Frosty  :  very  fine  :  clear.  16.  Frosty: 
clear  and  fine:  cloudy.  1".  Cleai- and  cold  :  frosty  at  night.  18.  Clear  and  cold  : 
severe  frost  at  night.  19.  Sharp  frost:  fine:  cloudy.  20.  Clear  and  frosty :  very 
clear  throughout.  21,  Overcast.  22.  Cloudy:  fine.  23.  Frosty:  clearandfine: 
rain  at  night.  24.  Densely  clouded  :  foggy  at  night.  25.  Frosty:  verj'tine.  26; 
Foggy.  27.  Hazy.  28.  Frosty:  very  fine:  frosty.  29.  Frosty,  with  fog:  fine: 
foggy.    30.  Dense  fog. 

Jlean  temperature  of  the  month  35°'86 

Mean  temperature  of  Not.  1850  45*29- 

Mean  temperature  of  Nov.  for  the  last  twenty- five  years  ...  43  "43 

Average  amount  of  rain  in  Nov 2*35  inches. 

Boston. — Nov.  1.  Fine.  2.  Rain:  rain  early  a.m.  3,4.  Fine.  5,6.  Fine: 
rain  P.M.  7.  Cloudv.  8.  Cloudv  :  rain  p.m.  9,10.  Fine  :  rain  p.m.  11.  Fogsy. 
12— 16.  Fme.  17.' Fine  :  snow  p.m.  18.  Fine.  19.  Cloudy.  20.  Fine.  21. 
Cloudv  :  rain  p.m.      22.  Cloudv :  rain  a.m.  and  p.m.      23.  Cloudv  :  rain  p.m. 

24,  25.  Fine.  26.  Cloudy.  2]?.  Fine.  28.  Cloudy.  29.  Fine,  30.  Foggy. 
Sandicick  Manse,  Orkney. — Nov.  1,  2.  Showers.  3.  Snow-showers.  4.  Snow- 
showers  :  rain.  5.  Showers  :  cloudy.  6.  Showers  :  cloudy :  rain.  7.  Rain  : 
drizzle.  8.  Drizzle.  9.  Showers.  10.  Bright:  showers.  11.  Bright:  cloudy. 
12.  Cloudy.  13.  Showers  :  hail-showers.  14.  Sleet-showers :  rain.  15.  Showers  : 
cloudy.  16.  Sleet-showers  :  snow-showers.  17.  Hail-showers:  cloudy,  18. 
Cloudy  :  clear.  19.  Cloudy:  drops.  20.  Bright:  rain.  21.  Shovrers :  clear  : 
aurora.      22.  Bright :  cloudy.      23.  Cloudy  :   rain.      24.  Clear :  frost :  aurora. 

25.  Frost :  rain  :  clear.     26.  Showers  :  fine.  '  27,  28.  Fine  :  frost :  fine.     29.  Fine  : 
frost :  fine  :  showers.    30.  Fine  :  frost :  fine. 
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XIII.  Reports  on  the  Progress  of  the  Physical  Sciences. 
Bij  John  Tyndall,  Ph.D. 

[^Ith  a  Plate.] 

On  Thermo-electric  Currents,  by  Prof.  ilAGXUS  of  Berlin*.  Experiments 
of  MM.  SvAXBERGf  end  Fraxz J  on  Monoihermic  Electricity^.  Ap- 
plication of  the  results  o/M,  Magnus  to  the  solution  of  certain  difficul- 
ties encountered  by  M.  Regxault. 

EXxlCTLY  thirty  years  liave  flown  by  since  the  discovery  of 
I  tliermo-electricity  by  Seebeck  in  Berlin.  Since  that  time 
our  knowledge  of  facts  in  connexion  with  this  subject  has  been 
enriched  by  the  labours  of  Becquerel,  Sturgeon,  Matteucci,  Hen- 
rici  and  others ;  but  our  advance  towards  principles  has  been 
slow.  Indeed  some  of  the  facts  at  present  generally  accepted 
are  of  so  incomprehensible  a  natm-e ;  the  results  of  various  expe- 
rimenters— and  even  of  the  same  experimenter  at  different  times 
— are  so  perplexing  and  contradictory,  as  pressingly  to  indicate 
the  necessity  of  further  and  stricter  examination.  In  the  pro- 
duction of  thermo-currents  and  the  determination  of  their  direc- 
tions, so  many  hidden  influences  come  into  play,  that  if  one 
subject  more  than  another  require  the  exercise  of  patience  and 
experimental  tact  it  is  this.  Until  very  lately  eveiy  attempt  at 
progression  in  this  department  of  inquiry  w^as  accompanied  by 
the  unpleasant  conviction  that  there  was  no  sure  starting-point  j 
and  hence  he  that  would  advance  had  to  begin  afresh,  and 

*  Pogg.  .4«?i.,  vol.lxxxiii.p.4G9.        f  Comptes  Rendus,\o\.x-s^.Tp.250. 
X  Pogg.  Ann.,  vol.  Ixxxiii.  p.  374. 

§  I  have  taken  the  liberty  of  applying  this  term  to  the  electricity  deve- 
loped by  the  heating  of  a  sinyle  metal. — J.  T. 

Phil.  Mag.  S.  4.  Vol.  3.  No.  16.  Feb.  1853.  G- 
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jealously  test  eveiy  result  of  his  predecessors.  This  is  the  state 
of  things  which  the  investigation  of  M.  Magnus  is  intended  to 
remedy,  and  his  memoir  on  the  subject  furnishes  internal  evi- 
dence of  the  j)rccision  with  which  the  inquiry  has  been  con- 
ducted. The  investigation  is  far  from  exhausting  the  subject, 
but  it  lets  us  know  precisely  where  we  are ;  new  and  striking 
facts  have  been  added,  errors  have  been  corrected,  anomalies 
accounted  for,  and  the  first  great  step  made  towards  the  reduc- 
tion to  law  of  those  inexplicable  phsenomena  which  have  hitherto 
per])lexed  ])hiloso])hers. 

The  wire  usually  applied  in  the  construction  of  galvanometers 
often  presents  a  difficulty  in  inquiries  like  the  present.  That 
purchased  at  the  merchants  is  so  magnetic  as  greatly  to  interfere 
with  the  parity  of  the  experiments.  To  obviate  this  defect, 
some  precipitated  copper  was  obtained  from  a  galvano-plastic 
niani^ifactory ;  but  the  metal,  after  having  been  cast  into  cylin- 
drical moulds,  was  found  so  magnetic  as  to  necessitate  its  re- 
jection. The  pure  metal  was  finally  obtained  in  the  following 
manner :  an  excess  of  ammonia  was  added  to  a  solution  of  sul- 
phate of  copper,  the  precipitated  oxide  being  thus  redissolved, 
and  the  iron  mixed  with  the  salt  separated ;  the  solution  was 
filtered,  evaporated  to  dr}Tiess,  and  the  anmionia  expelled ;  the 
sulphate  thus  procured  was  redissolved  in  water  and  precipitated 
by  the  voltaic  current.  This  metal,  however,  was  exceedingly 
brittle,  and  required  to  be  melted  eight  times  in  succession  be- 
fore it  could  be  th'awn  into  wire ;  when  drawn,  however,  it  was 
found  to  answer  its  purpose  perfectly. 

In  the  following  pages  we  shall  often  have  occasion  to  speak 
of  the  direction  of  the  current,  and  it  is  therefore  prudent  to 
define  clearly  in  the  first  instance  what  is  meant  by  this  expres- 
sion. If  a  stri])  of  copper  and  a  strip  of  zinc  be  immersed  in  a 
conducting  fluid,  and  the  exposed  ends  be  united  by  a  copper 
wire,  the  current  is  said  to  proceed  from  the  copper  through  the 
uniting  wire  to  zinc,  and  hence  from  the  zinc  through  the  fluid 
to  copper.  Suppose  a  bit  of  antimony  to  supersede  the  strip  of 
co])pei',  and  a  bit  of  bismuth  in  the  place  of  the  zinc,  and  doing 
away  with  the  fluid,  let  the  free  ends  of  both  be  brought  into 
contact  and  the  place  of  contact  heated  ;  the  consequent  thermo- 
current  will  act  upon  a  magnetic  needle  exactly  as  tliat  developed 
by  the  zinc  and  copper  pair.  The  current  therefore  passes  from 
antimony  through  the  wire  to  bismuth  (from  A  to  B),  but  from 
bismuth  to  antimony  (against  the  alphabet)  across  the  place  of 
Junction.  "Whenever  it  is  stated  in  this  Report  that  the  current 
passes  from  one  metal  to  another,  the  words  "across  the  place 
of  junction  ^^  are  always  implied. 

It  was  soon  ascertained  that  a  difference  in  point  of  hardness 
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was  sufficient  to  give  rise  to  a  cuiTcnt.  "\^Tieu  a  portion  of  a 
wire  which  had  been  rendered  hard  by  drawing  was  heated  to 
redness  and  thus  softened^  on  warming  the  point  of  junction 
between  hard  and  soft,  a  current  was  always  obtained.  In  like 
manner,  when  a  portion  of  the  wire  was  rendered  harder  by  ham- 
mering, a  current  was  produced  on  heating  the  junction  of  hard 
and  soft. 

For  these  experiments  a  particular  arrangement  of  apparatus 
was  devised ;  and  to  prevent  any  new  change  in  the  structure  of 
the  wu-e,  it  was  rarely  heated  beyond  the  temperature  of  boiling 
water.  Particular  care  was  also  taken  to  preserve  the  points 
where  the  two  ends  of  the  wire  experimented  with  joined  the 
wire  of  the  galvanometer  at  the  same  temperature,  a  condition 
absolutely  necessary  to  prevent  the  formation  of  a  cm-rent  at 
these  points  of  junction. 

M.  Becquerel  was  the  lii'st  to  demonstrate,  that  when  a  wire 
is  knotted  and  heated  in  the  -^-icinity  of  the  knot,  a  cun-ent  is 
exhibited.  As,  however,  ]\I.  Becquerel  employed  a  red  heat  in 
his  experiments,  it  is  possible  that  the  current  obtained  was  due 
to  a  softening  of  a  portion  of  the  -v^ire,  while  the  knotted  portion 
retained  its  hardness.  Such  a  result  is  still  more  probable  in 
the  case  where  the  point  of  junction  of  a  thick  and  thin  \\-ire  is 
strongly  heated.  Up  to  the  present  time  it  has  been  an  accepted 
fact,  that  a  difference  in  point  of  thickness  merely  is  sufficient 
to  originate  a  cmTcnt. 

For  the  stricter  examination  of  this  question  two  semi-cylm- 
ders  of  brass  were  procured,  and  along  the  axis  of  each  a  semi- 
cylmdiical  hollow  was  worked  out  from  end  to  end.  Into  this 
hollow  a  brass  wire  was  accurately  fitted ;  so  that  when  one  piece 
was  placed  upon  the  other,  the  whole  had  the  appearance  repre- 
sented in  Plate  III.  fig.  1.  The  slightest  heating  of  the  wire  in 
the  neighbom-hood  of  its  thick  case  was  sufficient  to  develope  a 
current,  and  the  currents  developed  when  the  wire  was  heated 
at  both  ends  of  the  case  in  succession  were  in  opposite  direc- 
tions. 

What  is  the  proximate  source  of  the  electricity  in  this  case  ? 
is  it  the  result  of  a  mere  difference  in  point  of  thickness ;  is  it 
to  be  referred  to  a  difference  in  chemical  composition ;  or  is  it 
due  to  a  difference  of  hardness  between  the  wire  and  its  encom- 
passing cylinder  ?  If  a  piece  of  metal  be  laid  upon  another  piece 
of  a  different  metal,  in  the  manner  represented  in  fig.  2,  when 
the  point  c  is  wanned  a  thermo-current  is  evoked,  which  circu- 
lates for  the  most  part  within  the  boimdaries  of  th^  two  pieces. 
If,  however,  the  extreme  ends  of  the  bar  be  united  with  a  galva- 
nometer, a  branch  cm-rent  will  exhibit  itself;  hence  if  the  thin 
wire  spoken  of  above  and  its  encompassing  sheath  be  not  per- 

G2 


84      ])r.  Tyndall  07i  the  Progress  of  the  Phtjsical  Sciences  : 

fectly  liomogeneous,  something  similar  may  be  expected  to  take 
place. 

To  decide  this  question,  the  following  experiments  were  carried 
out : — A  brass  wire  6  feet  long  was  encircled  by  a  number  of 
pieces,  each  1  foot  in  length,  cut  from  the  same  piece  as  the 
6-fect  wire;  the  short  pieces  were  tied  round  the  latter  by  a 
non-conducting  thread.  When  tiic  portion  of  the  wire  adjacent 
to  the  surrounding  bundle  was  heated,  no  current  teas  observed ; 
the  experiment  was  repeated  with  a  second  wire,  but  with  the 
same  result, 

A  brass  wire  3  feet  long  and  3  lines  in  thickness  was  so  re- 
duced, that  a  length  of  6  inches  of  its  central  portion  had  a 
diameter  of  only  half  a  line  (see  tig.  3).  Both  of  the  points  y 
were  heated  in  succession,  but  in  neither  case  was  a  current 
exhibited.  Eighteen  inches  of  another  brass  wire  of  3  lines  dia- 
meter were  reduced  to  0*7  of  a  line,  and  each  end  of  the  ])ortion 
thus  reduced  was  screwed  into  a  piece  of  the  thick  w'we.  from 
which  it  was  taken  ;  on  heating  the  place  of  junction  of  thick 
and  thin  there  was  no  current.  Again,  ])art  of  a  piece  of  brass 
wire  3  lines  in  thickness  was  drawn  out  until  a  diameter  of  half 
a  line  was  obtained ;  both  thick  and  thin  portions  were  then 
heated  to  redness,  and  the  oxide  carefully  removed  from  the  sur- 
face ;  their  ends  were  laid  one  upon  the  other  and  thus  heated, 
but  no  current  was  observed.  In  all  these  cases  care  has  been 
taken  to  have  tlie  thick  and  thin  portions  homogeneous ;  and 
we  see  that  when  this?  point  is  secured,  a  ciui'cnt  never  exhibits 
itself.  The  mere  difference  in  point  of  thickness  is  therefore 
not  sufficient  to  originate  a  current,  as  heretofore  believed. 
M.  jVlagnus  explains  the  knot  experiments  of  HI.  Eecqucrel  by 
reference  to  the  fact,  that  the  structure  of  the  wire  was  first 
altered  by  heating  it  to  redness.  If  the  temperature  applied  do 
not  exceed  100°  C,  no  current  is  ever  observed. 

It  has  also  been  affirmed,  that  the  production  of  a  thcrmo- 
current  is  in  some  measure  dependent  on  the  radiative  power  of 
the  metals  employed.  A  German  silver  wire  was  covered  by 
galvanic  precipitation  with  a  coating  of  copper  throughout  a  por- 
tion of  its  length ;  the  wire  was  heated  at  the  place  where  the 
coating  ceased,  and  a  tolerably  strong  current  was  the  conse- 
quence. "Was  this  result  due  to  a  contact  of  chemically  different 
metals,  or  to  a  difference  in  the  radiative  ])ower  of  both  ?  The 
wire  was  next  covered  with  various  non-conducting  substances, 
such  as  soot,  gutta  percha,  wood,  &c. ;  but  when  the  point  where 
the  coating  ceased  was  heated,  no  current  was  observed.  In  like 
manner,  when  one  portion  of  a  wire  was  finely  ])olished,  and  an 
adjacent  portion  rendered  rough  by  sand-paper  or  by  the  file,  on 
heating  the  junction  between  rough  and  smooth  there  was  no 
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current,  although  the  radiative  powers  of  both  portions  must 
have  been  very  different.  It  is  thus  proved  that  a  difference  in 
respect  to  radiative  power  is  not  svifficient  to  originate  a  thermo- 
current. 

It  has  been  ah-eady  stated,  that  where  a  difference  in  point  of 
hardness  exists,  a  current  is  produced.  To  examine  this  point 
further,  a  number  of  wires  each  6  feet  long  and  0'45  of  a  line  in 
thickness  were  chosen ;  and  of  those  which  could  bear  a  high 
temperature,  two  feet  in  the  middle  were  heated  to  redness  and 
thus  rendered  soft.  Of  the  more  fusible  metals,  such  as  tin, 
lead,  zinc,  &c.,  two  feet  were  heated  in  an  oil-bath  at  200°  C. 
for  an  hour.  Vrhen  cooled,  the  two  ends  of  each  -wire  were 
united  with  the  galvanometer ;  one  of  the  junctions  between  hard 
and  soft  was  heated,  and  the  consequent  current  observed.  The 
following  table  exhibits  the  results  of  these  experiments  :  it  will 
be  observed  that  the  direction  of  the  current  does  not  preserve  a 
constant  relation  to  hard  and  soft.  In  some  cases  it  flows  from 
soft  to  hard,  in  other  cases  in  the  opposite  direction. 


Name  of  metal.                            Direction  of  current. 

De9ection. 

Brass      

From  soft  to  hard 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
From  hard  to  soft 

do. 

do. 

do. 
Uncertain 

55 

46 

45 

40 

25 

18 

10 

5 

2 

34 

30 

5 

4 

Steel            

Silver  with  25  per  cent,  copper 

Gold  No.  1,  with  97  per  cent,  copper 

Gold  No.  2,  with  2-1  per  cent,  silver... 

Zinc 

Tin               

By  means  of  the  pretty  little  instrument  represented  in  fig.  4*, 
and  which  its  inventor  has  named  the  monothermic  pile,  the 
action  may  be  considerably  increased.  A  length  of  hard  brass 
wire  is  taken,  every  alternate  six  inches  of  which  are  rendered 
soft  by  heating  to  redness.  Thus  six  inches  of  soft  wire  succeed 
six  inches  of  hard  throughout  the  entire  length.  The  wire  is 
then  wound  round  a  frame  of  suitable  size,  and  presents  when 
wound  the  appearance  of  a  rectangle,  two  of  the  opposite  sides 
of  which  are  composed  of  hard  and  soft  wire  respectively ;  the 
centres  of  the  other  two  sides  are  the  junctions  of  hard  and  soft. 


*  Anotlier  form  of  this  instrument  is  represented  in  fig.  5. 
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The  two  ends  of  the  wire  being  connected  with  the  galvanometer, 
if  cither  the  hard  side  or  the  soft  side  be  heated  we  have  no 
action;  but  if  one  of  the  junctions  of  hard  and  soft  be  taken 
between  the  finger  and  thumb,  the  heat  of  the  hand  is  sufficient 
to  cause  a  deflection  of  90  degrees.  The  writer  has  to  thank 
Prof.  Magnus  for  an  instrument  of  this  kind.  The  wire  presents 
the  same  uniform  appearance  througliout ;  and  to  an  observer 
ignorant  of  the  process  to  which  the  wire  has  been  subjected,  the 
deportment  is  exceedingly  striking  and  enigmatical. 

If  two  wires  of  the  same  material  be  taken,  and  if  one  be 
heated  and  the  other  permitted  to  remain  cool,  on  causing 
the  hot  and  cold  wires  to  touch  each  other  a  current  is  observed. 
This  is  modified  if  the  one  wire  be  hard  and  the  other  soft : 
sometimes  the  difference  of  temperature  and  difierence  of  hard- 
ness work  together  and  increase  the  current  by  their  united 
action ;  sometimes  they  oppose  each  other,  and  a  decrease  of  the 
current  is  the  consequence.  This  matter  has  been  investigated 
veiy  fully.  It  will  perhaps  be  well  to  describe  beforehand  the 
manner  in  which  the  experiments  were  made. 

In  a  tin  cylindrical  vessel,  AB,  fig.  G,  two  tubes,  ab  and  cd, 
crossing  each  other  at  right  angles,  were  introduced ;  each  tube 
had  a  diameter  of  half  an  inch ;  fromy,  where  the  tubes  crossed, 
another  vertical  tube  abutted  upwards  and  passed  through  the 
cover  of  the  vessel ;  the  three  tubes  communicated  with  each 
other  inside ;  through  one  of  the  horizontal  tubes  the  wire  to  be 
heated  was  introduced  and  fastened  by  corks  at  a  and  b ;  to  pre- 
vent contact  with  the  metallic  vessel,  all  three  tubes  were  lined 
by  smaller  ones  of  glass ;  at  f  the  wire  was  exposed,  and  rested 
upon  a  flat  piece  of  wood  introduced  beneath  it ;  in  the  vertical 
tube  was  a  wooden  rod  which  nearly  filled  it,  but  could  be  moved 
through  the  tube  with  freedom ;  the  rod  caiTied  at  its  end  a 
pound  weight  of  lead,  P ;  the  cylindi'ical  vessel  was  filled  with 
water  and  kept  constantly  boiling,  and  as  soon  as  it  was  certain 
that  the  wire  within  had  assumed  the  temperature  of  boiling 
water,  the  wooden  rod  was  raised,  and  the  cold  wire  was  intro- 
duced crossing  the  warm  one ;  this  being  effected,  the  rod  was 
permitted  to  descend,  and  the  wires  were  pressed  together  by  the 
weight  P.  The  following  table  shows  the  results  of  this  inquiry. 
First  both  Mires  were  hard,  next  both  were  soft j  and  finally,  the 
one  was  hard  and  the  other  soft. 
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Name  of  metal. 

Both  wires. 

One  haid,  the  other  soft. 

Hard. 

Soft. 

The  hard  warm. 

The  soft  warm. 

German  silver.. 

Silver(pure)  ... 
Copper  

fr.  ctow40 

do.      7 
do.      3 
do,      7 
fr.wtoc28 
do.    24 

V  do.       5 

1  do.       6 

do.    26 
do.       3 

1  do.       6 

do.       0 

fr.ctow  72 

do.      3 
do.      8 
do.     10 

fr.wtoc28 
do.     2-2 

do.       6 

do.       5 

do.     15 
do.     12 

do.     12 

0 

o 
f  fr.  c  tow  =fr.stoh  5     "1 
•!  immediatelyafterwards  I 
|_  fr.  w  to  c  =  fr.  h  to  s  24     J 
fr.ctow  =  fr.stoh73 
do.           do.    24 
fr.  w  toe  =  fr.h  tos  7 
do.           do.    Q2 
do.           do.    13 

do.           do.      3 

r       do.           do.      2     ] 

-|  immediatelyafterwards  i- 

Lfr.ctow  =  fr.stoh  11      J 

do.           do.     53 

do.           do.    90 

do.           do.    82 

0 

uncertain 

fr.  c  to  w = fr.h  to  s  80 

fr.wtoc=fr.stoh68 
do.          do.    15 

fr.ctow=fr.htos20 
do.          do.    34 

fr.wtoc=fr.stoh36 

do.          do.      5 

do.          do.    19 

do.          do.   55 
do.          do.   90 

do.          do.    78 

0 

Tin     

Zinc    

Platinum    

Gold  No.  2,  with 
2-08  p.  c.  silver 

Gold  No.  1,  with 
97  p.  c.  copper 

Cadmium  

Brass 

Silver,  with  25 

per  c.  copper.. 

Mercury 

Lead  

w  signifies  ivarm;  c,  cold;  h,  hard  ;  s,  soft. 

The  discussion  of  this  table  Avould  give  rise  to  some  interesting 
speculations,  which,  however,  we  forbear  dwelling  upon,  as  M. 
Magnus  himself  has  not  thought  proper  to  introduce  them — 
doubtless  because  he  considers  the  subject  not  yet  ripe  for  such. 
We  shall  therefore  content  ourselves  with  the  expression  of  a 
hope,  that  results  so  suggestive  will  receive  at  the  hands  of  their 
discoverer  the  development  of  which  they  seem  capable. 

Experiments  such  as  these  are  always  valuable  as  points  of 
reference;  we  therefore  introduce  a  secoud  table^  in  which  a 
temperature  of  250^  C.  was  applied. 


One  wire  2 

50°  C,  the  other  8°  C. 

Both  wires. 

One  hard,  the  o 

thcr  soft. 

Name  of  metal. 

Hard.       |        Soft. 

The  hard  warm. 

The 

5oft  warm. 

o  r 

fr.  c  to  w 

=  fr.htos3 

Silver  (pure) ... 

n-.  c  to  w  20  fr.  c  to  w  1 7 

fr.  ctow  =  fr.  stoh9o    ■{ 

immediately  afterwards] 

I 

fr.wtoc  = 

=fr.stoh  1)0 

Platinum    

fr.wtoc84fr.wtoc 

80 

fr.  w  to  c  =  fr.  h  to  s  90 

do. 

do.      90 

Gold  No.  2,  with 
2-OS  p.  c.  silver 

j   do.    17     do. 

28 

do.          do.      12 

do. 

do.      27 

Gold  No.  1,  with 
9-7p.c.  copper 

1   do.    54 

do. 

31 

■       do.          do.     10    1 

-  immediatelyafterwards  \- 

fr.ctow  =  ir.stoh30     J 

do. 

do.     60 

Silver  with  25 
per  c.  copper... 

1  do.    90 

do. 

90 

rfr.wtoc=fr.  htos     6     j 

■  immediatelyafterwards  I 

fr.ctow  =  fr.stoh  90     I 

do. 

do.     90 

Mercur\' 

0 

0 

0 
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AVc  have  already  mentioned  a  variety  of  notions  entertained 
by  physicists  as  to  the  origin  of  thermo-eurrcnts.  To  these 
M.  IMagnus  adds  the  discussion  of  the  hypothesis,  that  the  cause 
is  to  be  sought  in  the  unequal  decrease  of  temperature  on  both 
sides  of  the  place  heated,  and  of  the  notion  that  they  are  to  be 
referred  to  a  difterencc  of  conductibility  for  heat  on  the  part  of 
the  metals  employed.  He  dissents  from  both  these  views ;  and 
proves,  in  the  following  manner,  that  the  conductibility  of  the 
hard  wire  was  in  no  way  different  from  that  of  the  soft  one. 

From  a  stout  brass  wire  2*25  lines  in  diameter,  and  which 
was  rendered  quite  hard  by  the  act  of  drawing,  two  pieces  each 
4  feet  long  were  separated.  One  of  these  was  heated  to  redness, 
and  thus  rendered  soft ;  both  wires  were  then  brought  into  the 
tin  vessel  already  described  and  there  subjected  to  the  same  tem- 
perature ;  the  ends  of  the  wires  without  the  vessel  were  at  such 
a  distance  from  it,  that  they  retained  the  same  temperature ;  to 
one  end  of  the  galvanometer  wire  before  described  a  bar  of  anti- 
mony was  attached,  and  to  the  end  of  the  other  wire  a  bar  of 
bismuth,  both  being  bevelled  off  to  an  edge ;  the  edge  of  one  of 
these  bars  was  laid  upon  the  soft  ware,  and  the  edge  of  the  other 
upon  the  hard  wire  ;  when  a  difference  of  temperature  existed 
between  the  points  of  contact,  a  current  w^as  exhibited  on  the 
galvanometer ;  when  the  temperatures  were  alike,  no  current  was 
visible.  By  finding  points  of  equal  temperature  in  this  manner, 
and  by  measming  the  distance  between  these  points  on  each 
wire,  theii"  respective  conductive  powers  were  ascertained.  It 
was  found  that  the  conductibility  of  both  was  the  same.  The 
conclusion  finally  arrived  at  by  j\1.  IMagnus  is,  that  the  currents 
are  produced  by  the  contact  of  unhomogeneous  metals. 

In  connexion  with  this  subject,  ]\I.  Svanberg  has  laid  an  inter- 
esting communication  before  the  Academy  of  Sciences  at  Paris, 
from  w^hich  w'e  extract  the  following : — In  large  masses  of  bis- 
muth and  antimony  the  crystalline  texture  is  never  in  all  parts 
the  same,  but  it  is  not  difficult  to  find  some  homogeneous  por- 
tions. From  these  little  bars  may  be  formed,  the  length  of 
which  may  be  at  various  inclinations  to  the  planes  of  crystal- 
lization. 

Among  the  planes  of  cleavage  of  these  two  metals  in  a  crystal- 
lized state,  there  is  one,  which,  as  Mr.  Faraday  was  the  first  to 
observe,  is  distinguished  from  all  others  by  its  superior  brilliancy. 
This  plane  is  perpendicular  to  the  crystallogra])hic  axis.  Among 
the  other  planes  there  is  one  which  does  not  fall  far  short  of  the 
above  in  point  of  brightness.  Let  the  bars  wdiose  length  coin- 
cides with  the  intersection  of  those  two  planes  be  named  (A), 
and  those  bars  whose  length  is  perpendicular  to  the  plane  of 
most  eminent  cleavage  be  named  (B). 
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In  the  case  both  of  bismuth  and  antimony  the  bars  (A)  are 
more  positive^  and  the  bars  (B)  more  negative^  in  the  thermo- 
electric series,  than  any  other  bar  which  can  be  formed  of  the 
same  metal.  The  thermo-electric  force  between  the  antimony 
(A)  and  the  antimony  (B),  and  between  the  bismuth  (A)  and 
the  bismuth  (B),  is  pretty  considerable.  If  a  bar  intermediate 
between  (A)  and  (B)  be  taken,  that  is  to  say,  such  that  the  direc- 
tion of  its  length  is  otherwise  inclined  to  the  plane  of  most  emi- 
nent cleavage,  or  if  it  do  not  possess  a  regular  ciystalline  tex- 
ture, such  a  bar  is  negative  with  (A)  and  positive  with  (B). 

This  variability  in  the  thermo-electric  power  of  bismuth  and 
antimony  seems  to  furnish  a  key  to  the  exj^lanation  of  the  cur- 
rents observed  by  Seebeck,  Sturgeon  and  Matteucci,  in  circuits 
formed  of  a  single  one  of  these  metals.  They  have  not  been 
explained  hitherto. 

ATith  regard  to  the  direction  of  the  currents  between  the  warm 
bismuth  and  the  cold  bismuth,  the  warm  antimony  and  the  cold 
antimony,  different  experimenters  have  arrived  at  different  results. 
Vorsselmann  de  Hecr,  the  last  who  has  occupied  himself  with  this 
subject,  has  observed  the  current  to  pass  sometimes  from  the 
cold  to  the  warm  metal,  and  at  other  times  fi'om  the  warm  metal 
to  the  cold.  He  concluded  from  his  obseiTations,  that  the  direc- 
tion of  the  current  depends  on  the  greater  or  less  difference  of 
temperature  between  the  two  bars.  These  cases  of  reversion 
exhibited  themselves  in  an  especial  manner  with  antimony. 

That  such  experiments  should  have  any  value,  it  is  absolutely 
necessary  that  the  bars  made  use  of  should  occupy  the  same 
place  in  the  thermo-electric  series.  Thus,  for  example,  we  must 
compare  (A)  with  (A),  and  (B)  with  (B),  but  not  (A)  with  (B). 
In  the  first  place,  it  ought  to  be  ascertained  whether  the  two 
bars  be  absolutely  homogeneous.  It  is  a  remarkable  fact,  that 
the  deportment  of  (A)  tov»ards  (A)  is  not  the  same  as  that  of 
(B)  towards  (B). 

IM.  Svanberg^s  mode  of  experimenting  was  as  follows : — The 
two  bars  were  fixed  in  copper  handles,  and  these  were  connected 
with  a  very  sensitive  galvanometer.  Up  to  the  point  of  contact 
■ndth  the  copper,  the  bars  were  enveloped  in  snow  almost  to  the 
free  extremities.  In  this  case,  when  the  extremities  are  brought 
into  contact  and  then  heated  to  any  temperature  whatever,  there 
ought  to  be  no  current ;  and  this  furnishes  a  test  as  to  whether 
the  bars  are  thermo-electrically  homogeneous.  But  if  before 
bringing  the  bars  into  contact,  the  end  of  one  of  them  be  either 
heated  or  cooled,  a  current  is  observed,  the  direction  of  which  is 
indicated  by  the  galvanometer.  If  the  two  bars  be  of  the  bis- 
muth (A)  or  of  the  antimony  (A),  the  current  proceeds  from  the 
cold  to  the  warm  metal;  with  the  bars  (B),  however,  the  direc- 
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tion  of  the  current  is  the  opi)ositCj  it  passes  from  the  warm  metal 
to  the  cold.  This  result  is  exceedingly  remarkable,  but  it  has 
been  proved  by  multiplied  experiments. 

Another  memoir  on  this  subject  by  j\l.  Franz  of  Berlin  has 
recently  ap])cared  in  Poggendorff^s  Annalen.  He  uses  cubes  of 
bismuth.  Tiie  cubes  are  placed  between  two  small  copper  pillars 
connected  with  a  galvanometer;  the  pillars  arc  moveable,  and 
thus  permit  of  the  cubes  being  pressed  together.  AVe  will  call 
the  direction  from  pillar  to  pillar  the  axial  direction,  and  that 
perpendicular  thereto,  the  equatorial.  In  some  cubes  the  plane 
of  most  eminent  clea\age  formed  two  of  the  opposite  sides,  and 
in  some  the  said  plane  was  inclined  at  an  angle  of  30^  or  60°  to 
two  opposite  sides.  When  two  of  the  former  were  so  placed  that 
the  cleavage  throughout  both  stood  either  axial  or  equatorial,  no 
current  was  observed  on  heating.  When  the  cleavage  of  one 
cube  was  axial  and  that  of  the  other  equatorial,  there  was  a  deflec- 
tion of  45°.  When  a  pair  of  the  other  cubes  were  placed  so  that 
the  cleavage  of  each  made  an  angle  of  30°  with  the  plane  of  the 
horizon,  a  current  of  30°  was  observed ;  when  the  angle  with  the 
horizon  was  60°,  the  deHection  was  19°"  7.  Eismuth  was  also 
found  to  change  its  thermo-electric  power  in  contact  with  other 
metals,  when  the  position  of  the  plane  of  most  eminent  cleavage 
in  relation  to  the  plane  of  contact  of  both  metals  was  altered. 
These  results  appear  to  stand  in  intimate  connexion  with  those 
of  M.  Ma";nus. 


Application  of  the  results  ofM.  Magnus  to  the  solution  of  certain 
difficulties  encountered  by  M.  Regnault. 

An  exceedingly  interesting  memoir,  "  On  the  jMeasurement  of 
Temperatures  by  Thermo-electric  Currents,'^  by  M.  Regnault, 
appears  in  the  Philosophical  Magazine  for  June  1850.  In  the 
course  of  experiment  some  very  perplexing  and  indeed  unexjDlain- 
able  phpcnomena  presented  themselves,  the  solution  of  which 
appears  to  be  furnished  by  the  experiments  of  M.  Magnus.  This 
does  not  appear  to  have  been  noticed  by  the  latter  philosopher, 
as  he  is  silent  on  the  subject.  1  have  carefully  plotted  the  seven 
series  of  results  given  by  M.  Regnault ;  taking  the  difference  of 
temperature  of  iron  and  platinum  as  abscissa?,  and  the  difference 
between  bismuth  and  antimony  as  ordinates,  and  using  a  hori- 
zontal scale  of"  twenty,  and  a  vertical  scale  of  ten  divisions  to  an 
inch.  In  the  curves  formed  by  the  plotting  of  the  last  three 
series,  where  every  pains  was  taken  to  remove  all  possible  causes 
of  distiu-bance,  the  anomalies  are  most  striking.  Laying  the 
datum  line  of  one  upon  that  of  another,  and  commencing  at  a 
common  point,  the  curves  ought  to  superpose ;  but  they  do  not ; 
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that  derived  by  plotting  the  5th  series  falls  considerably  below 
those  obtained  by  plotting  the  6th  or  7th.  A  mere  inspection 
of  the  table  exhibits  the  same  in  particular  cases.  For  example, 
a  difference  of  temperature  of  268°"64  between  iron  and  platinum, 
corresponds  in  the  third  series  to  a  difference  of  i3°'71  betv/een 
bismuth  and  antimony ;  whereas  in  the  6th  series,  a  difference 
of  268°"66  between  the  former  corresponds  to  a  difference  of 
17'^* 77  between  the  latter;  and  in  the  7th  series,  a  difference  of 
268°-56  is  equivalent  to  one  of  18°- 60.  It  hence  appears  that  the 
thermo-electric  force  of  iron  and  platinum  is  relatively  greater  in 
the  6th  and  7th  series  than  in  the  5th.  We  shall  now  endeavour 
to  account  for  this  hitherto  inexplicable  result.  Turning  to  the 
table  at  page  85  of  this  Report,  we  observe  that  the  current  formed 
at  the  junction  of  hard  and  soft  in  an  iron  wire  passes  from  hard 
to  soft,  which  proves  that  the  iron  is  rendered  more  negative  when 
it  is  softened  by  heat.  Let  us  now  devote  a  moment^s  attention  to 
the  result  with  platinum  wire  at  page  87.  In  the  case  of  two  ho- 
mogeneous wires,  the  current  passes  from  warm  to  cold,  causing 
a  deflection  of  24°  when  both  wires  are  hard.  When  a  hard  and 
soft  wire  are  taken,  and  the  former  is  heated,  the  current  passes 
as  before  from  warm  to  cold,  causing,  however,  a  deflection  of 
only  13°.  It  thus  appears  that  the  soft  wire  is  less  negative,  or 
what  is  the  same,  moi-e  positive  than  the  hard  wire.  Consist- 
ently with  this,  if  the  heated  wire  be  the  soft  one,  the  fact  of  its 
being  hot  and  soft  at  the  same  time  ought  to  make  the  current 
developed  a  maximum — this  is  the  case.  The  deflection  observed 
under  these  circumstances  is  36°. 

The  general  facts  being  thus  established,  that  iron,  when  soft- 
ened by  heat,  becomes  more  negative,  and  that  platinum,  when 
softened  by  heat,  becomes  more  positive,  let  us  apply  them  to 
the  case  before  us.  M.  Regnault  commenced  his  5th  sei'ieswith 
a  fresh  couple  of  iron  and  platinum,  increasing  the  difference  of 
temperatures  between  the  hot  and  cold  junctions  gradually  until 
it  reached  273°'46.  The  absolute  temperature  of  the  hot  junc- 
tion at  this  point  was  in  all  probability  300°.  After  the  couple 
had  been  thus  heated,  it  was  allowed  to  cool,  and  the  "6th  series 
was  commenced :  here  the  anomaly  before  alluded  to  at  once 
presented  itself ;  a  certain  difference  of  temperature  produced  a 
stronger  current  than  in  the  5th  series,  a  result  which  might  be 
inferred  «  2^J'iori  from  the  foregoing  considerations.  For  the 
iron  by  being  once  heated  to  300°  has  become  more  negative,  as 
before  proved,  while  the  platinum  has  become  more  positive ;  the 
thermo-electric  force  of  the  couple  has,  in  short,  been  increased, 
and  a  more  powerful  current  is  the  necessary  consequence.  This 
is  still  more  strikingly  exhibited  in  the  7th  series,  where  M.  Eeg- 
nault  commences  with  a  difference  of  103°'80,  and  goes  on  in- 
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creasing  to  283°*18j  then,  without  interrnpting  tlie  scries,  allows 
the  ditterence  to  sink  again  to  1-18^*97.  The  bismuth  and  anti- 
mony equivalent  for  this  is  12°'30;  whereas  for  a  difference  of 
152" '29  between  the  iron  and  platinum,  before  the  difference  of 
temperature  had  readied  the  above  amount  (282°*  18),  the  antimony 
and  bismuth  equivalent  is  only  11°"G9.  This  fluctuation  in  the 
7th  series  causes  the  curve  derived  from  plotting  to  present 
somewhat  of  the  appearance  of  a  railway  section  over  undulating 
ground,  whereas  in  all  the  other  cases  it  presents  a  gradual  and 
almost  uniform  ascent.  The  '  sudden  leaps '  noticed  by  M. 
Regnault,  whose  cause  he  considered  it  impossible  to  ascertain, 
appear  to  be  thus  capable  of  satisfactoiy  explanation. 

XIV.   Observations  in  the  Alps  on  the  Optical  Phenomena  of  the 
Atmosphere.     By  Dr.  Hermann  Schlagintweit. 
[Concluded  from  p.  16.] 

Colour  of  the  atmosphere.  Different  kinds  of  Cyanometers.  Alte- 
ration of  the  intensity  of  the  blue  icifh  the  height.  Determinations  with 
the  tricoloured  Cyanometer.     Cloud  colours. 

Colour  op  the  Atmosphere. 
'HE  blue  colour  of  the  sky,  as  well  as  the  transparency  of  the 
atmosphere,  deepens  as  we  ascend.  De  Luc*  has  already  no- 
ticed this.  Saussure  and  Humboldt  have  published  a  long  series 
of  experiments  on  the  subject.  The  iustrumeut  used  by  both  was 
the  cyanometer  of  Saussure.  It  consists  of  a  number  of  strips 
of  paper,  washed  over  with  different  shades  of  prussian  blue. 
The  differences  of  shade  are  so  regulated,  that  two  strips,  which 
at  a  certain  distance  could  not  be  distinguished  from  each  other, 
constituted  divisions  upon  the  scale.  As  normal  distance,  Saus- 
sure assumed  that  at  which  the  black  circle  of  a  diaphanometer 
1|"  in  diameter  disappeared.  Black  was  added  by  little  and 
little  until  perfect  black  was  obtained.  xVt  zero  the  scale  was 
perfectly  white,  at  the  extreme  end  perfectly  black.  AVithin 
these  two  limits  the  scale  was  divided  into  53  degrees.  With 
this  the  colour  of  the  sky  was  compared,  and  the  nearest  degi'ee 
was  set  down  as  the  expression  thereoff. 

*  Modifications  de  V Atmosphere,  vol.  iv.  §  117,  p.  930. 
t  As  an  cxam])le  of  Saussure's  degrees,  we  may  mention  that  the  mean 
position  of  his  cyanometer  amounts —  o        o 

For  Germany,  to     .     .     .     15 — 1/ 

For  the  torrid  zone      .     .     20 — 24 

On  Mont  Blanc       ...  39 

Humboldt  found  {Tableau  Physique,  p.  103) —  ^ 

In  the  tropics 23 

On  the  peak  of  Teneriffe     .     .     41 

On  the  Andes  at  3000  toises  '.     43 
^\ hich  has  also  been  obser\ed  bv  Gav-Lussac. 
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To  attain  a  more  varied  change  of  tint,  PaiTot*  made  use  of 
a  rotating  disc  on  wliicli  were  laid  sectors  of  prussian  blue ;  he 
thus  obtained  a  mixed  colour  capable  of  far  greater  modilication. 
His  instrument  was  also  divided  into  degrees.  It  seems,  how- 
ever, very  difficult  to  obtain  instruments  of  both  descriptions 
which  are  quite  capable  of  being  compared  with  each  other. 
After  some  experiments,  we  found  it  advantageous  to  apply  the 
colours  in  a  different  manner;  and  instead  of  expressing  the 
tint  in  degrees,  to  express  it  according  to  the  proportions  of  the 
mixtui'e.  AVe  constructed  two  cyanometers,  the  first  was  of  the 
same  form  as  that  used  by  Parrot.  A  disc  20  centimetres  in 
diameter  was  covered  with  a  layer  of  white  lead,  a  substance 
which,  when  properly  manufactured,  possesses  eveiywhere  the 
same  degree  of  whiteness,  whereas  different  descriptions  of  white 
bleached  paper  vary  greatly  from  each  other  in  this  respect. 
The  rim  was  divided  into  100  degrees  (1°  being  =3-C  of  the 
usual  divisions),  and  by  means  of  these  the  whole  surface  was 
divided  into  distinct  sectors.  This  disc  was  fixed  upon  another 
of  pasteboard  by  means  of  little  supports,  which  sustained  the 
centre  and  the  rim  merely.  The  rest  of  the  space  between  both 
discs  was  hollow.  From  three  points  situated  33'3  of  the  rim 
divisions  apart  (120°  in  the  common  sense),  a  knife  was  drawn 
along  the  corresponding  radii.  Through  the  slits  thus  formed, 
blue  and  black  segments  could  be  pushed  in  until  the  required 
portion  of  them  was  visible  upon  the  surface ;  the  remaining 
portion  slid  into  the  hollow  space  between  the  discs.  The  blue 
segments  were  coloured  by  a  layer  of  cobalt  (oil  colour)  carefully 
laid  on;  on  the  others  was  placed  a  layer  of  raven-black  (oil  colour). 
These  colours  can  be  found  everywhere,  and  exhibit  such  slight 
deviations  of  shade  that  they  may  be  regarded  as  constant.  PI.  I. 
fig.  3  exhibits  the  mechanical  arrangement  of  this  apparatus  ; 
the  section  of  it  is  given  at  B.  a  is  the  plate  of  paper  on  which 
the  layer  of  white  lead  is  laid ;  6  is  a  disc  of  pasteboard  parallel 
to  the  latter;  at  c  are  the  sections  of  the  supports  which  connect 
both  discs  at  the  centre  and  rim ;  d  is  the  projecting  periphery 
which  carries  the  graduation ;  e  is  a  small  cylinder  of  wood,  2 
centimetres  long,  which  is  fast  glued  behind.  Around  this 
passes  a  strap,  which  being  pulled  downwards,  imparts  a  rotary 
motion  to  the  disc  sufficiently  quick,  and  of  sufficiently  long 
continuance,  to  permit  of  comparing  the  disc  v.'ith  the  portion  of 
the  firmament  to  be  investigated.  The  screv\' /  holds  the  instru- 
ment fast  to  the  upright  which  supports  it  during  the  rotation ; 
at  g  are  plates  used  to  strengthen  the  apparatus. 

In  fig.  A  the  surface  of  the  cyanometer,  as  fitted  for  experi- 
ment, is  represented.  The  blue  sectors  partially  cover  the  white 
*  Physik  der  Erde,  §  278,  p.  102. 


94  Dr.  n.  Sclilagintvveit's  Observations  in  the  Alps 

surface.  As  the  radii  of  the  sectors  are  the  same  as  those  of  the 
"disc,  the  exposed  surfaces  of  both  are  proportional  to  the  number 
of  degrees  embraced  by  the  circular  contours.  We  have  in  the 
present  case — 

Blucj     15  parts 

Blues     13     ... 

BlUCg  5 

The  remainder  of  WTiite     Q7 

Sum     100     ... 

If  the  disc  be  now  set  in  rotation,  we  shall  obtain  a  mixed  colour 
the  same  as  if  we  had  blended — 

33  per  cent,  of  blue, 
and  Q7  per  cent,  of  white 

most  intimately  together.  It  will  be  afterwards  seen,  that  in 
this  way  a  colour  may  be  obtained,  which,  although  it  approaches 
veiy  near  to  that  of  the  portion  of  the  firmament  under  exami- 
nation, still  does  not  necessarily  possess  that  tone  which  we 
denominate  the  colour  of  the  air.  It  would  thus  be  possible  to 
attain  the  brightness  corresponding  to  the  position  of  the  instru- 
ment shown  in  the  figure  in  another  manner,  that  is,  by  omitting 
blucg  and  setting  in  its  place  a  sector  of  black  (of  course  much 
lighter).  For  the  simplicity  of  the  process  and  the  comparability 
of  the  results,  we  have  found  it  more  advantageous  never  to  use 
black  as  long  as  pure  cobalt,  which  itself  is  a  vciy  dark  colour, 
was  not  lighter  than  the  firmament*. 

As  the  setting  up  of  the  apparatus  and  the  rotation  of  the 
disc  demanded  considerable  time,  we  found  it  convenient  to  have 
an  instrument  similar  to  that  of  Saussure,  that  is  to  say,  coloured 
strips  of  paper,  with  which,  however,  neither  the  prussian  blue 
on  the  white  paper,  nor  a  division  into  degrees,  was  made  use 
of,  but  which  was  so  arranged  that  the  per-centage  of  cobalt  could 
be  immediately  ascei-taiucd.  In  the  construction  we  proceeded 
in  the  following  manner  :  — 

A  uniform  cylindrical  glass  syringe  was  divided  into  300  equal 
volumes,  and  then  filled  alternately  with  Krcmser  white  and  care- 
fully prepared  pure  cobalt  (both  oil  colours  and  of  the  same  con- 
sistency) ;  a  series  of  equal  volumes  of  white  and  cobalt  were 
now  placed  beside  each  other  on  a  palette.  "We  had  thus  con- 
stant colours,  capable  of  being  easily  imitated  by  subsequent 
experimenters.     Oil  colours,  further,  permit  of  being  very  inti- 

*  Compai-e  Arago's  ingenious  cTanometer,  in  which  a  plate  of  quartz, 
cut  perpendicuh^.r  to  the  axis  of  tlie  en  stal,  is  used  for  tlic  production  of 
the  blue  with  which  the  coloiu-  of  the  sky  is  to  be  compai-ed. — Annates  de 
Chimie,  vol.  iv.  p.  98. 
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matelv  mixed,  and  of  being  uniformly  laid  on  the  surface^  wliich 
in  our  case  was  that  of  weakly-sized  Bristol-board.  In  this  way 
we  obtained  fifteen  divisions  of  a  scale  ;  the  first  of  which  was 
white,  and  the  last  pure  cobalt.  The  difference  from  one  division 
to  the  next  was  a  matter  of  indifference  in  the  application  of  the 
instrimient,  as  the  per-centage  content  of  cobalt  and  not  the 
number  on  the  scale  was  noted.  The  increase  of  cobalt  from 
one  division  to  that  next  to  it  was  not  uniform.  We  endeavoured 
to  have  the  differences  of  shade  from  leaf  to  leaf  tolerably  alike ; 
and  here  we  remarked,  that  a  uniform  addition  of  cobalt  becomes 
less  appreciable  when  a  considerable  quantity  of  the  colour  is 
already  present.  In  the  last  leaves,  therefore,  we  used  a  greater 
proportion  of  cobalt  than  in  the  first ;  the  immediate  object  of 
the  latter  was  to  render  the  instrument  more  uniform. 

Cyanometrical  experiments  are,  in  general,  determinations  of 
the  brightness  rather  than  of  the  colour ;  it  is,  however,  of  some 
interest  to  investigate  the  shades  of  the  latter  a  little  more  closely. 
A  mixture  of  v»-hite  and  cobalt  cannot  fully  accomplisli  this.  The 
most  direct  way  of  pro\ang  this,  is  by  looking  at  a  landscape 
painted  in  oil,  where  only  white  and  blue  are  used  in  the  treat- 
ment of  the  sky.  An  addition  of  red  or  yellow  is  always  neces- 
sary. As  the  shades  of  colour  exhibit  considerable  changes,  it 
seemed  to  us  not  unimportant  to  determine  their  relations,  at 
least  approximately,  for  different  elevations.  The  colour  which 
is  generally  added  to  complete  the  sky  tone  is  light  ochre  (hj'- 
drate  of  iron)  j  this  unfortunately  is  a  colour  which,  strictly 
speaking,  cannot  be  regarded  as  constant  in  all  manufactories. 
But  the  smallness  of  the  quantity  used,  which  never  exceeded 
11  per  cent.,  served  to  render  the  distm-bance  arising  from  this 
less  appreciable. 

In  the  construction  of  this  second  scale,  and  of  a  third  for  the 
colour  of  the  clouds,  we  have  been  assisted  by  the  advice  of  that 
distinguished  landscape-painter,  M.  A.  Zweugauer  of  Miincheu, 
to  whose  kind  and  friendly  support  we  take  this  opportunity  of 
expressing  our  deep  obligation. 

The  basis  of  the  tricoloured  cyanometer,  consisting  of  a  union 
of  cobalt,  white  and  ochre,  was  formed  by  three  different  mix- 
tures of  the  last  two  colours.  The  first  consisted  of  20  parts  of 
white  and  1  part  of  ochre ;  the  second  of  20  parts  of  white  and 
2  of  ochre  ;  and  the  thu=d  of  20  parts  of  white  and  3  of  ochre. 
To  each  of  these  separately  were  added  4,  8,  12,  20,  and  50  parts 
of  cobalt,  so  that  for  every  tone  we  had  five  divisions  of  the 
scale  J  we  had,  therefore,  fifteen  divisions  in  all.  In  the  forma- 
tion of  a  scale  for  judging  of  the  colours  of  the  clouds,  such  a 
simple  process  could  not  be  followed.  The  most  suitable  proce- 
dure appeared  to  us  to  be  that  of  imitating  the  most  marked 
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colours  which  actually  appear,  and  to  give  the  per-centage  con- 
tent of  these.  The  whole  of  the  colours  thus  obtained  were  laid 
upon  strips  of  strong  paper,  2  centiuis.  wide  and  G  centims.  long. 
These  were  fastened  totrether  in  three  small  but  rather  wide  books, 
so  that  they  took  up  in  each  case  three  of  the  edges,  while  a 
small  uncoloured  strip  within  contained  the  description  of  the 
mixture.  The  coloured  papers  were  separated,  each  from  its 
neighbour,  by  an  interposed  sheet,  as  otherwise  the  sudden  open- 
ing of  the  book  would  be  accompanied  by  a  separation  of  the 
colour.  The  same  series  might  also  be  attained  with  the  rotating 
disc,  if,  instead  of  the  third  blue  sector,  one  of  ochre  was  substi- 
tuted. The  latter  process,  however,  was  more  rarely  resorted  to 
in  the  determination  of  the  colours  of  the  clouds  than  in  finding 
the  depth  of  the  atmospheric  blue.  In  the  case  of  clouds,  the 
greater  number  of  compound  colours  would  have  delayed  the  ex- 
periments too  much;  and  the  result,  on  account  of  the  sub- 
jective peculiarities  of  the  eye  itself,  would  still  be  only  approxi- 
mative. 

In  stating  the  observations,  we  will  begin  with  the  simplest, 
that  is  to  say,  with  those  in  which  the  mere  per-centage  of  cobalt 
is  given.  Besides  the  zenith,  which  was  in  every  case  examined, 
we  sometimes  made  determinations  of  the  side  portions  of  the 
firmament.  The  latter  were  always  so  chosen,  that  they  lay 
directly  opposite  the  position  of  the  sun  at  the  time.  Their 
zenith  distance  is  contained  in  the  sixth  column.  The  experi- 
ments were  made  in  1847  and  1848. 

Observations  with  the  Cyanometer  of  ttvo  Colours  (No.  I.). 


■2              c       1           Place  of 
3             i2       i        observation. 

c 

bo  . 
■EC< 

53 

Per-centagc  of 

cobalt  in  the 

zenith. 

If 

N;2 

o 

V8 

Remarks. 

1—4 

5 

6 

7,8 

y 

Aug. 

Sept. 

Sept. 

Sept. 
Aug. 

Summit  of  tliel 
Grossglockner.j 

Summit  of  the  1 
Wildspitze.  J 

Summit  of  the  \ 
Similaun.      J 

Racheni     

12,158 

11,489 

11,135 

10,362 
10,340 

92  Co. 

(64  Co.) 

81  Co. 
84  Co, 

50 

60 
80 

54 

70  Co. 

51  Co. 
14  Co. 

30  Co. 

J  Ultramarine  alone  was  too 
\      bright  ill  the  zenith. 
J  The  same  from  here  down- 
\     -nards  to  the  horizon. 

rXhe  horizon  was  for  the 
most  pai-t  clouded.  Tliis 

)      point  also  was  not  en- 

[      tirely  free  from  cim. 

r  The  weather  on  the  follow- 
J      ing  daywas  dull.  During 

1      the  experiment  no  dis- 

[     turhancc  was  remarked. 
Beautiful  clear  weather. 

r  Single    blue    patches  be- 
\     twccn  clouds. 

Todtenlocher    "1 
Pass J 

81  Co. 

on  the  Optical  Phanomena  of  the  Atmosphere. 
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•s„^ 

"5 

c 

c 

1- . 

S). 

i 

I 

Place  of  observation. 

be  . 

2  cj: 

s  s 

2" 

Si 

Remarks. 

% 

« 

CJ  3 

N.io 

10—20 

Aug. 

Jolianniahiitte 

7581 

65  Co. 

50 

48  Co. 

"ine  weather. 

Sept. 

do. 

60 

30  Co. 

Some  cumuli. 

do. 

do. 

64  Co. 

Quite  clear. 

do. 

do. 

(51  Co.) 

do. 

do. 

74  Co. 

Very  cold  and  dry. 

8  a.m. 

do. 

do. 

66  Co. 

Clear. 

7  a.m. 

9  A.M. 

8  a.m. 

do. 

do. 

33  Co. 

Slight  vapour ;  no  clouds. 

do. 

do. 

40 

(69  Co.) 

Blue  patch  between  clouds. 

10  a.m. 

do. 

do. 

67  Co. 

[■Commencement   of  the 

5  P.M. 

do. 

do. 

(39  Co.) 

<     evening  red  in  the  west; 
(_     somewhat  vapourv. 

21—23 

Aug. 

do. 

do. 

65  Co. 

45 

48  Co. 

Ver}^  weak,  evening  red. 

Sept. 

6  P.M. 

1           do. 

do. 

60 

33  Co. 

24,25 
26 

Aug. 

6  A.M. 

Sept. 

Near  the    WallO 
iierhiitte J 

7219 
6920 

40  Co. 
hQ  Co. 

70 

23  Co. 

Very  clear  day. 

r  Clear  sky  after  a  fall  of 
\     snow. 

Great  Oetzthaler  "1 
glacier,  left  bank  J 

27—29 

Sept. 

Hintereishiitte 

do. 

6792 

57  Co. 
54  Co. 

60 

45  Co. 

-  Unsettled  weather. 

30 

Sept. 

ICiepeler  mountain. 

6498 

43  Co. 

31—33 

Sept. 

Vent     

5791 

47  Co. 

50 

30  Co. 

/Very  clear  after  three 
\     days'  snow. 

41  Co. 

34—39 

Aug. 

Heiligenblut    

4004 

48  Co. 

60 

29  Co. 

Clear. 

Aug. 

do. 

do. 

(52  Co.) 

Blue  patch  between  clouds. 

Aug. 

do. 

do. 

41  Co. 

Aug. 

do. 

do. 

39  Co. 

45 

20  Co. 

Vapours,  but  no  clouds. 

40—42 

Aug. 
Sept. 

Lienz    

2310 

do. 

39  Co. 
41  Co. 

j  Cleai-. 

do. 

do. 

do. 

43  Co. 

After  rain  and  thunder. 
r  Darkest  moment  during 

43—46 

Oct. 

Bludenz 

1670 

(46  Co.) 

4t 

(39  Co.) 

<    the  ecUpse  of  the  sun 
[   on  the  9th  of  Oct.  1847. 

do. 

do. 

(32  Co.) 

45 

(23  Co.) 

After  the  eclipse. 

47,48 

Oct. 

Lake  of  Corao 

Middle  of  the  lake.. 

700 

(47  Co.) 
(46  Co.) 

sp 

f  Very  clear ;  rain  the  day 
L  before. 

In  comparing  the  results  given  by  the  eyanometer  for  higher 
and  lower  situations^  it  will  be  most  advantageous  to  choose  those 
which  may  be  regarded  as  maxima,  as  these  only  are  free  from 
disturbances,  and  hence  most  capable  of  being  compared  with 

*  The  zenith  distances  were  determined  by  a  suitable  instrument,  as  the 
apparently  compressed  shape  of  the  firmament  always  causes  considerable 
error  in  mere  estimation.  At  great  elevations  the  firmament  appears  much 
lower  than  from  lower  positions. 

Fhil.  Mag.  S.  4.  Vol.  3.  No.  16.  Feh.  1853.  H 
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each  other.  The  remaining  results  appear  between  parentheses 
in  the  table.  To  these  belong,  for  example,  No.  5,  the  Wild- 
spitzc,  evidently  too  little  blue.  For  the  graphic  representation, 
and  for  the  calculations  which  follow,  the  arithmetic  mean  of 
the  observations  from  No.  11  to  20  is  taken,  the  following  ex- 
cepted:— Nos.  14,  17,  20,  all  of  which  ;^re  too  low.  No.  18 
deserves  a  little  notice  here.  Considcuipg  its  lateral  position, 
the  result  given  is  too  high ;  but  this  scarcely  justifies  the  con- 
clusion, that  on  this  day  a  point  in  the  zenith  would  have  been 
much  darker  than  on  the  other  days,  had  the  clouds  permitted 
us  to  observe  it.  We  are  inclined  to  believe  that  the  depth  of 
this  "  blue  patch ''  between  clouds  was  an  optical  illusion,  created 
by  the  contrast  with  the  bright  surrounding  clouds.  This  ex- 
planation suggested  itself  to  us  immediately  after  the  experiment, 
and  induced  us  in  the  determinations  of  colom*  to  choose  the 
freest  situations  possible.  With  the  exception  of  No.  36,  the 
arithmetic  mean  of  the  observations  made  at  Heiligenblut  is 
taken.  Nos.  43  and  46  (Bludenz)  are  not  taken  into  account, 
because  after  the  eclipse  the  sky  was  somewhat  obscured  by 
clouds.  In  like  manner  the  Lake  of  Corno  is  omitted,  on  account 
of  its  position  being  more  southern  than  those  of  the  other  sta- 
tions. The  remaining  observations  are  united  to  a  curve  in  fig.  4. 
Somewhat  more  regularly  formed,  after  the  manner  of  a  broken 
line,  for  every  1000  feet  of  ascent  the  following  values  are  given: — 
2,000  Par.  feet.  40  per  cent,  cobalt.  Diff. 
3,000       ...       41  ...  1 

4,000       ...       43  ...  2 

5,000       ...       45  ...  2 

6,000       ...       47  ...  2 

7,000       ...       55  ...  8 

8,000       ...       64  ...  9 

9,000       ...       72  ...  8 

10,000       ...       80  ...  8 

11,000       ...       87  ...  7 

12,000       ...       92  ...  5 

These  numbers  exhibit — 

1.  A  very  slow  ascent  at  the  lower  end  of  the  curve. 

2.  A  quick  ascent  between  6000  and  10,000  feet. 

3.  A  new  but  inconsiderable  diminution  of  the  increase,  from 
10,000  feet  upwai-ds. 

The  first  is  due  to  the  same  cause  as  that  of  the  light  colour 
in  the  vicinity  of  the  horizon,  that  is,  to  a  mixture  of  watery 
vapour  which  collects  in  the  valleys  on  account  of  the  evapo- 
ration from   the  bottom  and  sides*.     The  sudden  acceleration 

*  A  similar  l)righteniHg  of  the  atmosphere  by  watery  vapour  is  also  exhi- 
bited on  the  sea-shoro ;  the  sky  towards  the  land  is  always  darker  than 
towards  the  sea. — Humboldt's  Voyages,  vol.  ii.  p.  123. 
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of  the  increase  at  heights  above  6000  feet  coincides^  in  the  Alps, 
mth  the  disappearance  of  the  larger  valleys.  From  this  forwards 
the  alterations,  as  we  ascend,  are  very  uniform*.  A  coi-respond- 
ing  point  of  greater  acceleration  is  not  therefore  to  be  expected 
at  the  same  height  on  mountains  whose  mean  altitudes  are  un- 
like. This  point  would  move  upwards  as  the  heights  of  the 
mountains  increase.  The  latter  assertion  is  corroborated  by  a 
comparison  of  the  observations  made  by  Alexander  von  Humboldt 
on  the  Andes  and  on  the  Alpsf. 

We  have  heretofore  confined  ourselves  to  a  comparison  of  the 
maxima  depths  of  colour  at  different  elevations;  although  a 
regular  increase  is  here  exhibited,  the  higher  and  lower  situations 
approximate  very  near  with  regard  to  the  degree  of  shade  to 
which  the  blue  of  the  sky  can  sink.  We  observed  in  some  in- 
stances, at  a  height  of  more  than  7000  feet,  35  per  cent,  and 
less  of  cobalt  when  no  trace  of  cloud  or  fog  was  to  be  perceived 
either  with  the  naked  eye  or  with  the  telescope.  A  singular 
clearness  of  the  heavens  is  observed  in  the  zenith  itself,  even  at 
the  greatest  elevations,  at  the  beginning  of  the  moi-nuig  twilight. 
The  minimum  occm-s  on  ordinary  days  between  2  and  3  o'clock 
in  the  morning,  the  maximum  a  little  before  noon ;  the  firma- 
ment is  afterwards  in  general  lighter  on  account  of  the  ascent  of 
vapours. 

The  difference  between  the  maximum  and  the  minimum  bright- 
ness within  twenty-four  hours  increases  with  the  height,  because 
the  minima  in  high  and  in  low  situations  are  veiy  similar ;  for 
the  same  reason  the  difterences  between  max.  and  min.  are  greater 
in  the  tropic  regions  than  in  higher  latitudes |.j 

*  How  considerably  the  presence  of  valleys  can  alter  the  increase  of  blue 
as  we  ascend  is  ven'  evident  from  the  obsen-ation  of  Saussure,  that  Cha- 
mouni  has  often  a  less  deeply  coloured  sky  than  Geneva. 

t  With  regard  to  the  different  attempts  made  to  explain  the  colour  of 
the  atmosphere,  see  the  elaborate  memoir  of  Forbes,  "The  Coloiu-s  of  the 
Atmosphere  ^ith  reference  to  a  pre\4ous  paper,  '  On  the  colom*  of  Steam 
under  certain  circumstances.'  " — Philosophical  Magazine,  vol.  xiv.  pp.  121, 
419.  And  Pogg.  Jh?j.  1842;  Supplementarj-  volume,  vol.  i.  pp.  49-78. 
Compare  also  the  interesting  memoirs  of  Clausius,  "  Ueber  die  Xatur 
derjenigen  Bestandtheile  der  Erdatmosphare  dm'ch  welche  che  Lichtre- 
flexion  in  derselben  bewirkt  wird." — Pogg.  Ann.,  vol.  Ixx^-i.  pp.  161-188; 
and  "  Ueber  die  blaue  Farbe  des  Himmels  imd  die  Morgen  und  Aben- 
drothe." — Pogg.  Ann.,  vol.  Ixxvi.  pp.  18S-195.  It  is  shoT\-n  in  the  last 
memoir,  that  in  the  retlexion  of  light  from  thin  plates  the  blue  has  the 
advantage ;  in  the  transmission  of  the  hght,  the  orange  has  the  advan- 
tage. That  the  blue  of  the  heavens  is  due  to  reflected  hght  is  also  coito- 
borated  by  experiments  on  polarization.  In  this  respect  there  is  scaixely 
any  difference  obsened  between  high  and  lov.-  situations.  Forbes,  who 
examined  the  polarization  on  the  summit  of  the  Jungfrau,  found  it  "  nor- 
mal, but  somewhat  less  strong  than  ui  the  depths  below." — Desor.  Excur- 
sions, p.  405. 

X  Alex.  von.  Humboldt's  observations,  Voyages,  vol.  ii.  p.  123,  and  vol.  xi. 
p.  13. 
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If  the  side  portions  of  the  heavens  be  examined,  a  decrease  in 
the  depth  of  bhie  is  obsenablc  which  does  not  seem  to  be  irre- 
gular. Akjxander  von  Himiboldt's  observations  on  the  Atlantic 
Ocean  (18°  53'  N.  L.) — at  a  place,  therefore,  where  lateral  dis- 
turbances through  local  changes  of  temperature,  so  common  in 
mountains,  was  not  to  be  feared — proved  that  the  blue  colour 
varied  nearly  as  the  cosine  of  the  zenith  distance  *.  In  commu- 
nicating these  observations,  we  retain  the  original  division  of  the 
cyanometer  of  Saussure  into  dei^rees. 


Cvanometer. 

Height. 

Ditfcrencc. 

Observed. 

Calculated. 

^• 

^ 

90 

22-4 

23-4 

+  10 

70 

22-4 

220 

-0-4 

60 

210 

20  3 

-07 

50 

18-3 

180 

-0-3 

45 

15-5 

16  6 

+  M 

30 

120 

^      117 

-0-3 

20 

8-5 

80 

-0-5 

10 

40 

41 

+0-1 

The  same  law  may  be  recognised  through  many  of  our  obser- 
vations, but  rarely  with  this  exactitude.  The  zenith  distance 
must  be  always  measured  by  a  proper  instrument,  and  not  esti- 
mated by  the  eye  alone.  In  the  latter  case  the  peculiar  shape 
of  the  dome  of  the  firmament  might  be  the  source  of  considerable 
error.  Thus  by  contemporaneous  observations  made  on  the 
Johannishiitte,  we  found — 

Series  A. 


Zenith  distance. 

Observed. 

Calculated. 

6 

30 

60 

65  per  cent.  cob. 

48 

30 

65  per  cent.  cob. 

56 

325 

Series  B. 

0 
45 

60 

65  per  cent.  cob. 

48 

33 

6a  per  cent.  cob. 

46 

32-5 

The  similarity  between  these  results  and  those  in  the  foregoing 
table  will  a])pcar  more  evident  when  it  is  remembered,  that  one 
degree  of  Saussure  corresponds  to  3  or  4  per  cent,  of  cobalt  in 
our  ease.  The  unequal  increase  between  every  two  of  Saussure^s 
degrees,  when  the  latter  are  expressed  in  per-centage  of  cobalt 
(compare  p.  95  above),  can  have  no  distm-bing  influence  here. 

*  Humboldt's  Voyage,  vol.  ii.  p.  122.    Obser\ed  on  June  30,  1 709. 
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On  the  Grossglockner  also,  by  observing  the  zenith  and  the  low- 
est visible  point  of  the  horizon,  we  found  a  striking  coincidence 
with  the  law  above  mentioned ;  we  there  found — 


Zenith  distance. 

observed. 

Calculated. 

6 

80 

92  per  cent.  cob. 
14 

92  per  cent.  cob. 
16 

But  between  these  limits  the  increase  was  not  quite  so  regular. 
Thus  we  found  at  a  zenith  distance  of  50°,  70  per  cent,  of  cobalt, 
whereas  the  calculation  gives  only  59  ;  an  error,  however,  which 
at  this  altitude  scarcely  exceeds  that  due  to  a  single  degree  of 
Saussure's  cyanonieter.  When  the  firmament  is  observed  from 
deep  valleys,  the  lateral  intensity  of  the  blue  colour  is  very  irre- 
gular. In  this  case  local  vapours  amass  themselves,  and  cause 
the  observed  depth  of  hue  to  be  much  less  than  that  obtained 
from  calculation. 

Pursuing  the  method  already  described,  we  have  also  attempted 
to  ascertain  the  quantity  of  yellow  and  reddish  colour  (ochre) 
which  enters  into  the  composition  of  the  sky.  The  quantity  of 
the  latter  naturally  depends  on  the  colour  of  the  cobalt  and 
white,  as  these  themselves  are  not  absolutely  pure  colours.  This 
combination  of  more  than  simple  blue  and  white  has  also  the 
advantage,  that  by  it  we  are  enabled  to  determine  the  brightness 
itself  with  greater  certainty.  The  coincidence  of  shade  between 
the  actual  and  the  artificial  colours  greatly  facilitates  the  com- 
parison of  both. 
Table  of  Observations  ivith  the  Tricoloured  Cyanomefer  (No.  II.). 


No. 

Month 
and 
hour. 

Place  of  observation. 

"^1 

Per  cent,  of  colours. 

Remarks. 

49—51 

52,53 
51—61 

62,63 
64,65 

Aug. 

Sept. 

Aug. 
Sept. 

8  A.M. 

9  a.m. 

5  P.M. 

6  P.M. 

Aug. 
6  a.m. 

Aug. 

Peak     of     the    l 
Grossglockner  l 
(12,158P.  F.).  J 

Rachern  (10,3621 

P.F.)    / 

Johannishiitte       1 
(7581  P.F.).../ 

6 

50 

80 

0 
54 

0 

4 

40 

0 

0 

0 

45 

60 

0 
70 

0 
0 

92  Co. 
69  Co. 
12  Co. 

78  Co. 
29  Co. 

64  Co 

74  Co. 
69  Co. 
32  Co. 
36  Co. 
45  Co. 
20  Co. 
16  Co. 

39  Co. 
27  Co. 

47  Co. 
42  Co. 

lOch.    7W. 
3  Och.  28  W. 
lOOch.  78  W. 

5  0ch.'l7W. 
7  Och.  64  W. 

3  Och.  33  W. 
2  Och.  24  W. 

r  In  the  neighbourhood   of 
J      the  horizon  the  colour 
I      was  the  same  as  at  80" 
|_     zenith  distance. 

1-  Beautiful  clear  weather. 
Fine  weather ;  some  cumuU. 
Rliip  natrli  between  clouds. 

3  Och.  28  W. 

3  Och.  65  W.  Light  vapour.                  [red. 

3  0ch.  61  W.'Commencement    of   evening 

7  Och.  48  W.   r  Weak  evening  red  did  not 

8  Och.  72  W.  ■!       niiite  attain  a  hcieht  of 

Near  the  Wall-] 
nerhiitte  (7219  i- 

P-F-)     J 

Heiligenblut         1 
(4004  P.F.).../ 

8  Och.  76  W. 

3  Och.  58  W. 

4  Och.  69  W. 

3  Och.'50  W. 

2  Och.  56  W. 

1 

[     30°  above  the  horizon. 

-Day  very  clear. 

Fine.                _         [sphere. 
Some  cumuli  in   the  atmo- 
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The  foregoing  table  shows,  that  for  different  points  of  the 
same  vertical  circle  the  decrease  of  the  blue  is  accompanied  by  a 
decided  increase  of  the  ochre.  The  ochre  a])peared  strongest  at 
the  horizon  of  the  Grossglockner.  The  atmosphere  in  this  por- 
tion had  therefore  a  slight  tint  of  green*,  which  resulted  from 
the  blending  of  the  three  colours,  blue,  yellow  and  white. 

^Aliite  objects  seen  from  a  distance  have  always  a  yellowish  or 
reddish  tint  imparted  to  them  by  the  atmosphere.  This  is  plainly 
observable  on  clouds,  houses,  snow-covered  slopes,  &c.  It  is  a 
general  rule,  that,  in  the  painting  of  such  objects,  a  little  ochre 
must  be  added  to  the  white.  The  colour  of  the  brightest  cloud- 
masses,  even  when  the  sun  is  in  a  high  position,  contains  gene- 
rally from  1  to  2  per  cent,  of  ochref.  l)istant  mountains  often 
appear  blue  when  the  sun  is  opposite ;  their  own  colour  seems 
to  have  some  iutlucnce  in  this  ease,  as  the  same  mountains  in 
winter  when  covered  with  snow  show  a  reddish -white  colour  J. 
Those  summits  of  the  Alps  which  are  covered  with  perpetual 
snow,  when  seen  from  a  great  distance  in  direct  sunlight,  exhibit 
this  reddish  tinge  blended  with  the  whiteness. 

The  colouring  of  the  light  by  its  transmission  through  the 
atmosphere  is  peculiarly  remarkable  in  the  hues  exhibited  by  the 
sky  at  daydawn  and  at  sunset — the  morning  and  the  evening 
red.  Forbes  §  was  the  fii'st  to  connect  these  beautiful  colours 
with  the  existence  of  watery  vapour  in  a  certain  state  of  conden- 
sation. The  phenomenon  of  the  morning  and  evening  red  is  of 
too  intense  and  changeable  a  nature  to  be  investigated  by  means 
of  our  cyanometer.  The  evening  glow  of  the  Alps  is  peculiarly 
well  known  as  a  splendid  exhibition  of  the  evening  red.  It 
begins  soon  after  sunset ;  the  precipices  and  snow-crowned  sum- 
mits assume  a  dazzling  glow,  which  disappears  almost  instantly 
when  the  shadow  of  the  earth  has  attained  the  heights.  A 
second  glow  is  often  obsencd,  particularly  in  the  more  southern 
alpine  gi-oups ;  on  Mont  Blanc,  Monte  Rosa,  &c.  it  is  exhibited 

*  A  strong  green  colour  (grass-  or  bottle-green)  may  sometimes  be  ob- 
sen'cd,  at  considerable  elevations  above  the  horizon,  on  clouds  and  moun- 
tain peaks  \A'hen  glowing  with  intense  red.  This  has  been  often  obser^•ed 
by  Brandes  and  others.  The  phfenomenon  is  merely  a  subjective  colouring, 
occasioned  by  the  wearying  of  the  eye  in  gazing  on  the  shining  red.  The 
complementan'  green  is  obseived  more  frequently  and  plainly  when  the  eye 
is  du'ccted,  not  on  tlie  firmament,  but  upon  white  objects. 

t  The  clouds  sometimes  exhibit  a  veiy  dark  hue — thunder-clouds,  for 
example.  Sometimes  the  verj'  finest  of  them  cause  important  alterations 
in  the  colour  of  the  heavens,  without  being  recognizable  as  distinct  groups. 
Humboldt  has  also  observed  such  masses. —  Voyages,  vol.  iii.  p.  318.  4to. 

X  Compare  also  Saussure's  Voyages,  \o\.  iv.  §  2088,  note  1. 

§  "  On  the  colour  of  Steam  under  certain  circumstances." — Philosophical 
Magazine,  vol.  xiv.  pp.  121,  419  ;  and  Pogg.  Ann.,  vol.  xlvii.  p.  593;  and 
supplementaiT  volume,  vol.  i.  1842,  p.  49.  The  last  memoir  contains  an  ex- 
tensive collection  of  the  earlier  notions  entertained  upon  this  subject. 
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in  great  splendour.  On  the  masses  of  dolomite  in  the  Fassathal 
we  obsen'ed  the  same  tmee. 

A  related  phaenomenon^  which  we  had  the  opportunity  of  ob- 
seniug,  deserves  to  be  mentioned  here.  From  the  crest  of  the 
Wildspitze^  on  the  18th  of  September  1847^  we  had  a  fine  pro- 
spect towards  the  north.  The  entire  series  of  the  northern  lime- 
stone alps,  from  Salzburg  to  the  Bodensee,  was  unfolded  before 
us  ^ith  extraordinary  clearness.  In  the  mean  time  a  storm 
blomug  towards  the  north  increased  in  ^•ioience,  and  before  we 
attained  the  summit  (11^489  P.  F.)  the  northern  mountains 
exhibited  an  extraordinaiy  colour.  They  had  obtained  a  deci- 
dedly red  tone,  although  the  sun  stood  high,  it  being  but  3  o^clock 
in  the  afternoon.  AVe  had  left  the  summit  scarcely  half  an  hour, 
when  immense  cloud-masses  were  diiven  upon  us  from  the  side  at 
which  the  red  colouring  had  been  obseiwed.  During  this  time  the 
barometer  fell  considerably.  It  seemed  as  if  the  wateiy  vapour 
of  the  atmosphere,  during  its  gradual  condensation  to  mist,  had 
occasioned  the  redness  in  the  same  manner  as  the  morning  and 
the  evening  red  is  produced.  For  the  observation  of  this  phse- 
nomenon,  it  is  first  of  all  necessary  that  large  masses  of  air 
should  lie  between  the  observer  and  the  object ;  in  the  present 
case  the  distance  amounted  to  eleven  or  twelve  miles  (German). 
It  is  only  from  a  high  position  that  objects  distant  enough,  and 
with  smiaces  large  enough  to  exhibit  the  moditicatiou  of  colour, 
can  be  observed.  Opportunities  to  see  the  phsenomenon  occur 
but  rarely,  as  it  is  but  seldom  that  the  obseiTer  finds  himself  at 
such  elevations  dm-ing  similar  states  of  the  weather.  The  colour 
was  not  the  shining  red  of  the  evening,  but  more  of  a  purplish- 
blue  tinge,  undimmed  by  fog  of  any  kind,  and  in  the  production 
of  which  the  gray  colom'ing  of  the  limestone  masses  had  a  share. 

Direct  sunlight,  when  it  passes  through  mist,  has  also  a  red 
tone  imparted  to  it ;  but  the  colours  of  rocks,  &c.  being  the  pro- 
ducts of  reflected  light,  disappear  long  before  the  red  tone  can 
be  assumed.  We  have  in  some  cases  endeavoured  to  determine 
the  intensity  of  the  red  which  occurs  on  the  passage  of  the  light 
through  fog. 

Colour  of  Fogs  loith  transmitted  Light. 


No. 

Height. 

White. 

Ochre. 

Burnt  ochre. 

Remarks. 

1 

6510 

91 

4 

5 

Fog  during  a  fall  of  snow. 

2 

7540 

94 

1 

5        r  iCovered  in  both  cases  thej 
5       \  j     surface  of  the  glacier. 

3 

7610 

95 

... 

4 

8350 

92 

6 

2           j  Separate  round  masses. 

f  Notvervdeuse,  disappeared] 

5 

8250 

97 

2 

l(cob.)| 

a  few  hours  afterwards. 
It  reached  from  8000  to 
11,500  P.  F. 

6 

7360 

91 

8 

1 

Tolerably  dense. 

7 

7540 

90 

2 

8 

8 

7480 

87 

9 

4 

101     Dr.  Andrews  on  a  Method  of  obtaining  a  pei'fect  Vacuum 

The  red  colour  in  tlie  present  instance  appeared  sometimes 
more  intense  than  is  generally  observed  on  plains.  "When  the 
light  falls  upon  the  fog,  it  exhibits  the  usual  uniform  gray, 
similar  to  a  mixture  of  91  white  with  9  per  cent,  black. 

A  few  words  now  remain  to  be  said  upon  the  duration  of  the 
twilight.  It  is  everywhere  known  in  the  Alps,  that  on  high 
mountains  the  duration  is  longer,  although  this  is  sometimes 
over-estimated.  It  may  be  almost  regarded  as  a  tradition  re- 
peated for  every  mountain,  even  when  it  is  but  a  few  thousand 
feet  high,  that  the  evening  and  the  morning  twilight  touch  each 
other  at  midnight.  Though  this  is  an  exaggeration,  a  diflFerence 
in  the  duration  of  the  twilight  is  very  a])preciable  in  the  higher 
regions.  As  the  horizon  ex})ands  from  an  Alpine  sunmiit,  it  is 
evident  that  the  higher  we  ascend  the  greater  \d\\  be  the  arch 
which  separates  sunrise  from  sunset,  and  hence  the  longer  the 
day.  In  valleys,  on  the  contrary,  it  often  occurs  that  the  direct 
sunlight  is  held  back  by  interposed  mountains,  and  hence  is 
present  only  a  few  hours  of  the  day.  The  feeble  twilight  is  also 
considerably  diminished  by  the  same  cause ;  thus  the  position  of 
valleys  with  regard  to  the  horizon  may  be  such,  that  night  sets  in 
veiy  soon  after  the  setting  of  the  sun*.  The  twilight,  in  our  lati- 
tude, continues  on  an  average  upon  the  plains  until  the  sun  has 
descended  18^  under  the  horizon.  Upon  mountains  the  sun  attains 
a  much  greater  depth  before  the  t^^-ilight  departs*.  It  is  diffi- 
cult to  express  this  with  exactness,  as  the  alterations  in  the 
transparency  of  the  atmosphere  on  different  days  exercise  so 
considerable  an  influence. 


XV.  On  a  Method  of  obtaining  a  perfect  Vacuum  in  the  Receiver 
of  an  Air-pump.  By  Thomas  Andrews,  M.D.,  F.R.S., 
M.R.LA.f 

^T^HE  space  left  vacant  in  the  upper  part  of  a  long  glass  tube, 
-■-  which  after  being  filled  wath  mercury  is  inverted  in  a  basin 
of  the  same  metal,  affords  the  nearest  approach  to  a  perfect 
vacuum  which  has  hitherto  been  obtained.  It  is  true  that  it 
contains  a  little  mercin-ial  vapour  at  the  ordinary  temperature 
of  our  summers,  and  probably  also  at  lower  temperatures ;  but 
the  quantity  is  exceedingly  small,  and  its  influence  in  depressing 
the  barometric  column  must  be  altogether  inappreciable.  Besides 
the  mercurial  n  apour,  a  trace  of  air  may  generally  be  detected 
even  in  tubes  which  have  been  carefully  filled,  and  in  which  the 
air  interposed  between  the  glass  and  mercuiy  has  been  expelled 

*  Compare  also  Martin's  Monit.  Univers  184-4,  p.  2/90 ;  aud  Kamtz, 
Lehrhuch  de  Meteorol.,  vol.  iii.  p.  50  and  following, 
t  Communicated  by  the  Author. 
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by  ebullition.  This  is  best  observed  by  inclining  the  tube  till 
the  mercury  comes  into  contact  with  the  upper  end,  when  any 
air  that  may  have  been  diffused  through  the  vacuum  ^dll  be 
seen  collected  in  a  small  bubble,  but  greatly  rarefied.  It  is  easy 
to  calciilate  approximately  the  depression  of  the  mercurial  column 
produced  by  this  residual  air.  For  this  purpose  the  tube  must 
be  inclined  till  the  bubble  is  exposed  to  a  pressure  of  a  few  inches 
of  mercury,  measured  m  a  vertical  direction.  In  this  position 
its  apparent  diameter  is  measured,  as  also  the  pressure  to  which 
it  is  exposed.  For  the  object  in  view,  the  volume  of  the  bubble 
may  be  calculated  on  the  assumption  that  it  is  a  sphere.  The 
space  occupied  by  the  vacuum  must  also  be  estimated ;  and  with 
these  data,  the  depression  of  the  mercurial  column  may  easily 
be  calculated. 

Let  V  be  the  volume  of  the  space  above  the  mercury  when 
the  tube  is  vertical ; 

p,  the  pressure  under  which  the  diameter  of  the  bubble 
of  air  has  been  measured ; 

r,  the  semidiameter  of  the  bubble  ; 

x,  the  depression  of  the  mercurial  column. 

Then  4  „        1 

x=^r^-!rpY- 

If  the  diameter  of  the  bubble  2r  be  0*02  inch,  the  pressure  |) 
2  inches,  and  the  space  V  1*2  cubic  inch,  the  value  of  a' is  nearly 
O'OOOOl  inch ;  or  the  depression  of  the  mercury,  in  consequence 
of  the  vacuum  not  being  absolutely  perfect,  amounts  only  to 
— !^dth  of  an  inch.  It  is  easy  in  actual  practice  to  realize  this 
close  approximation  to  a  perfect  vacuum.  The  quantities  now 
stated  apply,  in  fact,  to  a  barometric  tube  employed  in  an  expe- 
riment which  will  be  subsequently  described. 

The  Torricellian  vacuum  leaves  therefore  scarcely  anything  to 
be  desired  in  point  of  completeness;  but  it  is  unfortunately 
applicable  to  very  few  physical  investigations.  No  instrument 
of  any  kind  can  be  introduced  into  it,  nor  even  any  substance 
which  is  acted  on  by  mercury.  The  vacuum  obtained  by  the 
exhausting  pump  is  not  liable  to  these  objections ;  but  even  with 
machines  of  the  most  perfect  construction,  and  in  the  best  order, 
a  very  imperfect  approach  can  be  attained  to  a  complete  exhau- 
stion. A  good  ordinary  pump  with  silk  valves  seldom  produces 
an  exhaustion  of  0*2  inch. ;  and  it  is  very  rare  indeed,  if  the 
manometer  is  properly  constructed,  to  have  it  carried  to  0*1  inch. 
In  his  "  Etudes  Hygrometriques  ^'  {Ann.  de  Chim.  3rd  Series, 
vol.  XV.  p.  190),  ]\I.  Reguault  has  given  the  following  method 
for  pushing  the  exhaustion  further  after  the  valves  have  ceased 
to  act.     In  a  large  glass  globe  of  from  20  to  25  litres  capacity 


106     Dr.  Andrews  on  a  Method  of  obtaining  a  perfect  Vacuum 

(4|  to  5 1  English  gallons),  he  places  an  hermetically  sealed  cap- 
sule of  glass  containing  from  40  to  50  grms.  of  sulphuric  acid. 
He  also  introduces  into  the  globe  2  or  3  grms.  of  water,  and 
exhausts  till  the  water  has  entirely  disappeared  and  tlie  machine 
ceases  to  act.  By  agitating  the  globe,  the  capsule  is  ruptured  ; 
when  the  sulphuric  acid  coming  into  contact  with  the  vapour  of 
water,  which  has  displaced  nearly  all  the  residual  air  in  the  re- 
ceiver, condenses  it  and  leaves  a  vacuum  nearly  perfect.  This 
globe  thus  exhausted  is  next  ]ilaced  in  communication  with  the 
apparatus  in  which  a  very  perfect  vacuum  is  desired,  taking  care 
to  remove  the  air  from  the  interior  of  the  connecting  tubes.  On 
opening  the  stop-cocks,  the  air  becomes  uniformly  diffused 
through  the  two  spaces ;  and  if  the  capacity  of  the  globe  is  consi- 
derable compared  with  that  of  the  other  vessel,  the  elastic  force 
of  the  air  may  be  reduced  to  a  small  fraction  of  a  millimetre.  If, 
on  the  contrary,  the  capacity  of  the  latter  is  considerable,  this 
operation  must  be  repeated  several  times. 

This  ingenious  process  is  not'  adapted  to  give  a  very  perfect 
vacuum  in  the  second  vessel,  unless  the  operation  be  repeated 
several  times,  which  would  be  exceedingly  laborious.  It  is  also 
liable  to  other  difficulties  in  the  execution,  which  will  at  once 
occur  to  any  one  accustomed  to  experiments  of  this  kind. 
Besides,  it  does  not  afford  the  means  of  obtaining  a  vacuum, 
which,  as  far  as  the  indications  of  a  mercurial  manometer  can  be 
observed,  is  perfect ;  as  in  M.  Regnanlt's  observations,  the  elastic 
force  of  the  air  was  still  capable  of  measurement,  although  only 
amounting  to  a  small  fraction  of  a  millimetre. 

By  using  the  necessary  precautions,  a  vacuum  may  be  obtained 
by  the  following  process,  with  very  little  trouble,  in  the  ordinary 
receiver  of  an  air-juimp,  so  perfect  that  the  residual  air  exerts  no 
appreciable  clastic  force.  Even  after  this  limit  has  been  reached, 
the  exhaustion  may  be  pushed  still  further,  till  it  must  become 
at  last  not  less  complete  than  the  Torricellian  vacuum ;  while  at 
the  same  time,  by  suppressing  the  manometer,  the  existence  of 
mercurial  vapour  may  be  altogether  prevented.  The  manipula- 
tions recpiired  to  arrive  at  this  result  will  not  interfere  with  the 
presence  of  the  most  delicate  instruments  in  the  receiver. 

Into  the  receiver  of  an  ordinary  air-pump,  which  is  not  re- 
quired to  exhaust  further  than  to  0'3  inch,  or  even  0*5  inch, 
but  which  nmst  retain  the  exhaustion  perfectly  for  any  length 
of  time,  two  open  vessels  are  introduced,  one  of  which  may  be 
conveniently  placed  above  the  other ;  the  lower  vessel  containing 
concentrated  sulphuric  acid,  the  upper  a  thin  layer  of  a  solution 
of  caustic  potash,  which  has  been  recently  concentrated  by  ebul- 
lition. The  precise  quantities  of  these  liquids  is  not  a  matter  of 
importance,  provided  they  are  so  adjusted  that  the  acid  is  capable 
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of  desiccating  completely  the  potash  solution  without  becoming 
itself  notably  diminished  in  strength,  but  at  the  same  time  does 
not  expose  so  large  a  surface  as  to  convert  the  potash  into  a  dry 
mass  in  less  than  five  or  six  hours  at  the  least.  The  pump  is  in 
the  first  place  worked  till  the  air  in  the  receiver  has  an  elastic 
£t)rce  of  0"3  or  0*4  inch,  and  the  stop-cock  below  the  plate  is 
then  closed.  A  communication  is  now  established  between  the 
tube  for  admitting  air  below  the  valves  and  a  gas-holder  con- 
taining carbonic  acid,  which  has  been  carefully  prepared  so  as 
to  exclude  the  presence  of  atmospheric  air.  After  all  the  air 
has  been  completely  removed  from  the  connecting  tubes  by  alter- 
nately exhausting  and  admitting  carbonic  acid,  the  stop-cock 
below  the  plate  is  opened  and  the  carbonic  acid  allowed  to  pass 
into  the  receiver.  The  exhaustion  is  again  quickly  performed  to 
about  the  extent  of  half  an  inch  or  less.  If  a  veiy  perfect  vacuum 
is  desired,  this  operation  may  be  again  repeated  j  and  if  extreme 
accm-acy  is  required,  it  may  be  performed  a  third  time.  It  is 
not  likely  that  au)i:hing  coidd  be  gained  by  cari'j'ing  the  process 
further.  On  lea^"iug  the  apparatus  to  itself,  the  carbonic  acid 
which  has  displaced  the  residual  air  is  absorbed  by  the  alkaline 
solution,  and  the  aqueous  vapour  is  aftei-wards  removed  by  the 
sulphuric  acid.  The  vacuum  thus  obtained  is  so  perfect,  that 
even  after  two  operations  it  exercises  uo  appreciable  tension. 

To  give  a  clear  conception  of  the  progress  of  the  absorption, 
I  will  describe  in  detail  one  observation  in  which  the  tension 
was  measured  simidtaneously  by  a  good  sj'phon-gauge  and  by  a 
manometer,  formed  of  a  barometric  tube  0"5  inch  iu  diameter, 
inverted  in  the  ^me  reservoir  of  mercmy  as  a  similar  tube  com- 
municating with  the  interior  of  the  receiver.  The  barometer  had 
been  carefully  filled,  and  the  depression  of  the  mercury  estimated 
by  the  method  already  described  at  less  than  j^;^dth  of  an  inch. 

Pre\'ious  to  the  admission  of  the  carbonic  acid,  the  exhaustion 
was  carried  only  to  0*4  inch  ;  it  was  again  carried  to  1  inch ; 
and  a  third  time  to  0*5  inch,  after  which  the  apparatus  was  left 
to  itself.     The  manometer  indicated  a  pressure  m-. — 

15'  of  0-25  inch. 
30'  ...  0-17    ... 
80'  ...  0-10    ... 
200'  ...  0-02    ... 

In  twelve  hours  the  difference  of  level  was  just  perceptible,  when 
a  perfectly  level  surface  was  brought  down  behind  the  tubes  till 
the  light  was  just  excluded.  In  thirty-six  hours  not  the  slight- 
est difference  of  level  could  be  detected.  The  vacuum  has  re- 
mained \^-ithout  the  slightest  change  for  fourteen  days. 

It  is  evident  that  the  only  limit  to  the  completeness  of  the 
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vacuum  obtained  by  this  process,  arises  from  the  diflSculty  of  pre- 
paring carbonic  acid  gas  perfectly  free  from  air.  This  may  be 
very  nearly  overcome  by  adopting  precautions  which  are  well 
known  to  i)ractical  chemists.  When  an  extreme  exhaustion  is 
required,  the  gas-holder  should  be  filled  with  recently  boiled 
water,  and  the  first  portions  of  carbonic  acid  that  are  collected 
in  it  should  be  allowed  to  escape. 

The  substitution  of  phosphoric  for  sulphuric  acid  would  re- 
move the  possibility  of  cither  aqueous  or  acid  vapours  being 
present  even  in  the  smallest  amount,  but  such  a  refinement  will 
rarely  be  found  necessary. 

In  the  experiment  just  described,  the  theoretical  residue  of 
air  would  be  j^ri^^dth  part  of  the  entire  quantity  in  the  receiver, 
which  would  cause  a  depression  of  j^Jf^.dth  of  an  inch.  This  result 
must  have  been  nearly  realized.  If  the  exhaustion  had  been 
carried  at  each  time  to  0*2  inch,  the  residue  by  theory  would 
have  been  only  ■  ^ j.  ^th  part.  But  the  experimental  results  will 
not  continue  to  keep  pace  with  such  small  magnitudes. 

Queen's  College,  Belfast, 
Jauuarv  7,  1851. 


XVL  On  the  Polarization  of  Afmoapheric  Heat.  By  Elie  Wart- 
MAi^N,  Professor  of  Natural  Philosophy  in  the  Academy  of 
Geneva^. 

THE  observations  of  M.  Arago  and  Sir  David  Brewster  have 
long  since  established,  that  the  light  by  which  our  atmo- 
sphere is  illuminated  is  polarized  in  certain  directions.  It  might 
be  supposed  from  analog}^,  that  the  heat  proceeding  from  the 
same  source  is  endowed  with  similar  properties ;  the  following 
experiments  place  this  supposition  beyond  the  pale  of  doubt. 

The  means  of  polarizing  a  ray  of  heat,  without  greatly  dimi- 
nishing its  intensity,  are  less  perfectly  known  than  those  of  po- 
larizing a  ray  of  light,  and  the  result  is  a  corresponding  infe- 
riority in  the  exactitude  with  which  the  calorific  ray  can  be  ana- 
lysed. In  the  U5e  of  the  thermo-electric  ])ile,  the  experimenter 
must  be  on  his  guard  against  numerous  sources  of  error.  The 
blackened  face  of  the  instrument  radiates  into  space,  and  is 
cooled  to  a  degree  which  depends  partly  upon  the  transjjarcncy 
of  the  air,  partly  upon  its  temperature.  Tlic  other  face, 
although  protected  by  a  closed  tube,  is  not  entirely  free  from  the 
influence  of  conduction  in  prolonged  experiments.  The  thermo- 
metric  state  of  the  atmosphere  changes  capriciously  every  moment, 
owing  to  the  unequal  mixture  of  the  ascending  and  -descending 

*  From  the  Bibliotheque  Universelle,  October  1851. 
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columns  of  air.  The  variations  in  the  transparency  of  the  air, 
the  calorific  reflexions  which  proceed  from  the  surface  of  the 
earth  and  from  the  clouds,  render  in  general  the  intensity  of  the 
heat  radiating  in  any  given  direction  extremely  inconstant. 

These  obstacles  being  known,  I  endeavoured  to  combat  them 
by  the  following  arrangements  : — The  thermo-electric  pile  of 
Melloni  was  placed  in  a  capacious  chest,  so  that  its  uncovered 
face  was  turned  towards  an  opening  in  the  centre  of  one  of  the 
sides.  This  face  is  provided  with  its  cone  of  polished  brass 
fixed  in  a  cylinder  of  wood,  which  is  lined  with  a  tube  of  paste- 
board. The  extremity  of  this  tube  enters  the  circular  opening 
in  the  side,  and  moves  in  it  with  strong  friction ;  screens  and 
diaphragms  of  various  substances  can  be  attached  to  it.  At  its 
extremity,  the  piece  destined  to  contain  the  analyser  is  fixed  level. 
It  carries  a  collar,  to  which  the  hand  imparts  a  rotative  motion 
by  means  of  a  strong  handle,  and  which  carries  an  index  pointing 
to  a  dial,  three  decimetres  in  diameter,  fixed  against  the  chest. 
This  piece  is  surrounded  by  a  cylindi'ical  case  of  white  paste- 
board blackened  in  the  interior,  six  decimetres  long,  open  in 
front,  and  destined  to  circumscribe  the  portion  of  space  to  be 
examined,  the  oblique  rays  being  arrested. 

The  analyser  which  I  made  use  of  in  my  first  experiments  was 
a  pile  of  thin  plates  of  mica.  It  would  have  been  easy  to  render 
it  moveable  round  a  line  perpendicular  to  the  axis  of  the  thick 
pasteboard  cylinder  which  enclosed  it ;  but  I  preferred  arresting  it 
at  an  angle  of  35°  with  this  axis,  and  placed  a  similar  pile  parallel 
to  it  and  six  centimetres  in  advance.  This  assemblage  polarizes 
and  analyses  the  heat  completely ;  it  prevents  the  cm-rents  of 
air  from  acting  upon  the  solders  of  bismuth  and  antimony,  and 
destroys  the  radiation  of  those  metals  so  efi"ectually  as  to  render 
all  other  preservative  unnecessary.  I  afterwards  replaced  this 
portion  of  the  instrument  by  a  veiy  large  Nicol's  prism  con- 
structed by  M.  Ruhmkorff".  It  is  0-086  of  a  metre  in  length; 
the  greater  diagonal  of  the  base  is  0"036  of  a  metre,  and  the 
lesser  0-028  of  a  metre*. 

*  With  this  apparatus  I  have  repeated  the  experiments  which  I  pubhshed 
in  1846,  relative  to  the  rotation  of  the  plane  of  polarization  of  radiant  heat 
under  the  influence  of  magnetism.  A  solar  ray  traverses  a  Nicol's  prism 
0'07  of  a  metre  long,  the  diagonals  of  which  measure  0'03  and  0'023  of  a 
metre  respectively.  It  then  passes  through  a  pai-allelopiped  of  hea^-y  glass 
0-029  of  a  metre  long,  and  the  square  bases  of  which  measm-e  0'0175  of  a 
metre  the  side.  This  glass  is  made  by  Prof.  Faraday,  to  whose  kindness  1  am 
indebted  for  it.  It  was  placed  between  the  polar  pieces  of  an  electro-mag- 
net, the  soft  iron  cyhnders  of  which  were  009  of  a  meti-e  in  diameter,  and 
carried  nine  layers  of  copper  mre  0'003  of  a  metre  thick,  each  layer  con- 
sisting of  sixty  windings.  This  wire  is  brought  into  the  circuit  of  a  battery 
of  ten  of  Grove's  large  cells.     The  ray  arrives  at  the  thermo-electric  pile 
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The  body  of  the  pile  is  sheltered  against  variations  of  tempe- 
rature by  liiliiiu;  the  entire  chest  with  carded  cotton.  In  tlie  side 
opposed  to  that  which  contains  the  analyser  is  a  rectangular 
glazed  window,  through  which  by  means  of  a  good  thermometer 
the  temperature  of  the  envelope  can  be  read  off.  Finally,  a  little 
hole  })ierccd  in  the  bottom  permits  of  the  passage  of  two  wires 
from  the  poles  of  the  pile  to  the  rheometer.  The  whole  is  pre- 
served in  a  place  less  warm  than  the  surrounding  atmosphere, 
so  that  during  the  experiments  the  pile  must  necessarily  be 
affected  by  any  accession  of  heat.  The  sense  of  the  deviation  of 
the  rheometer  serves  to  prove  that  this  condition  is  fulfilled. 

The  chest  furnished  with  horizontal  axes  of  hard  Avood  turns 
in  a  rectangular  frame,  which  permits  of  the  pile  being  retained 
at  any  angle  whatever  with  the  horizon,  in  the  vertical  plane 
which  it  describes.  This  angle  of  declination  is  estimated  on  an 
appropriate  dial  by  means  of  a  plummet  and  an  index  which  fol- 
lows the  chest  in  its  motion.  The  frame,  in  its  turn,  moves 
round  a  vertical  foot,  in  which  it  is  steadied  by  friction.  The 
azimuths  arc  read  on  a  fixed  horizontal  dial,  which  permits  of 
the  adjustment  of  the  apparatus.  No  magnetic  metal  ought  to 
be  used  in  the  construction  of  the  latter. 

I  have  said  that  the  temperature  of  the  air  is  subjected  to 
almost  perpetual  fluctuations,  which  cause  corresponding  varia- 
tions in  the  thermo-electric  current.  To  lessen  this  grave  in- 
convenience, the  pile  was  caused  to  act  near  the  window  of  a 
closed  room.  In  the  reading  of  the  rheometric  deviations,  it  is 
better  to  determine  the  arcs  described  by  the  index  at  each 
change  of  the  plane  of  analysis,  than  the  positions  at  which  it 
tends  to  come  to  rest  after  a  number  of  excursions,  which  become 
less  rapid  the  more  nearly  astatic  is  the  system  of  needles.  The 
results  agree  exactly  with  those  deduced  from  fixed  deflections, 
in  those  rare  cases  when  the  atmosphere  is  calm  and  permits  of 
the  operation  being  carried  on  in  the  open  air,  as  also  within 
doors. 

The  success  of  these  researches  depends  also  upon  the  good- 
ness of  the  rheometer.  I  have  obtained  an  excellent  multiplier 
from  M.  Rhumkorff.  It  is  composed  of  two  short  and  thick 
wires  rolled  on  a  frame  of  bone.  The  dial  is  of  pure  copper, 
with  its  graduated  circumference  silvered.  The  needles,  sus- 
pended from  ?.  fibre  of  silk  extremely  fine,  and  O'lo  of  a  metre 

placed  at  a  convenieut  distance,  travej-sing  the  second  Nicol's  prism  which 
serves  as  analyser.  Although  it  has  to  jjierce  a  total  thickness  of  0-18o  of 
a  metre  of  diathermic  bodies,  it  retains  the  power  to  produce  a  cun-ent  very 
appreciable  by  tlie  rheometer.  The  (hfference  of  the  value  of  deviation, 
according  as  the  magnet  is  or  is  not  in  a  state  of  activity,  entu-ely  confirms 
the  results  which  I  obtained  three  years  ago. 
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in  lengthy  make  only  a  single  oscillation  in  twenty-fom-  seconds. 
When  the  calorific  radiations  are  weak,  I  found  the  compensator 
of  M.  Melloni  to  be  of  service,  more  especially  as  the  object  was 
not  to  obtain  absolute  measures,  but  the  ratios  of  the  deviations. 

Operating  in  the  manner  just  described,  it  is  found  there  are 
two  positions  of  the  analyser  180  degrees  apart,  at  which  the 
deviations  are  equal  and  maximum ;  and  two  other  positions  at 
90  degrees  from  the  former  and  at  180  degrees  from  each  other,  at 
which  the  deviations  are  equal  and  minimum.  The  positions  of 
the  analyser,  which  for  a  given  point  of  the  heavens  procure  the 
maximum  and  minimum  transmissions,  correspond  to  those  of 
greatest  intensity  of  the  direct  bands  and  inverse  bands  of  the  po- 
lariscope  of  Savart*.  They  are  thus  determined  without  diffi- 
culty. 

The  atmospheric  heat  can  be  depolarized  by  means  of  a  plate 
of  mica  placed  near  the  extremity  of  the  exterior  tube,  and  per- 
pendicular to  the  incident  rays.  The  analyser  being  in  the 
position  of  the  minimum  of  transmission,  the  deviation  of  the 
index  experiences  no  sensible  diminution  when  the  principal  sec- 
tion of  the  interposed  mica  coincides  with  the  plane  of  polarization, 
while  the  deviation  is  augmented  when  the  rotation  of  the  mica 
ia  its  o^Ti  plane  brings  its  principal  section  to  an  angle  of  45° 
with  the  primitive  plane  of  polarization. 

The  phgenomena  of  the  polarization  of  atmospheric  heat  are 
much  less  apparent  in  winter  than  in  summer.  The  difference 
is  doubtless  due  to  the  want  of  sufficient  sensibility  in  the  appa- 
ratus, to  the  greater  difficulty  of  experimenting  at  low  tempera- 
tui*es,  and  to  the  small  proportion  of  polarized  rays  which  on  the 
most  favom-able  days  accompany  the  natural  heat.  The  serenity 
of  the  air  exercises  a  very  marked  influence  on  this  proportion, 
which  becomes  probably  null  when  the  heavens  are  obscured. 
Finally,  it  is  easy  to  satisfy  oneself,  particularly  if  the  atmo- 
sphere be  calm  and  without  clouds,  that  the  polarization  aug- 
ments from  the  ennrons  of  the  sun  up  to  a  certain  limit,  from 
which  forward  it  decreases.  I  have  found  it  inappreciable  in  the 
regions  occupied  by  the  neutral  points. 

It  may  be  concluded  from  these  researches,  that  the  heat  and 
the  light  of  the  atmosphere  proceeding  from  the  sun  are  similarly 
polarized  in  the  same  circumstances. 

*  I  name  direct  bands  those  which  are  in  the  plane  of  polarization  of  the 
light  which  has  traversed  a  plate  of  tourmaline ;  they  present  in  the  middle 
a  black  baud  between  tv.'o  white  ones.  The  inverse  bauds,  perpendi- 
cular to  the  primitive  plane  of  polarization,  present  a  central  white  band 
between  two  black  ones. 
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XVII.  Notes  on  the  Resolution  of  Equations  of  the  Fifth  Degree. 
By  G.  B.  Jerrard,  Esq.''^ 

1.  TT  is  clear  that  an  expression  for  a  root  of  the  general  equa- 
A  tion  of  the  fifth  degree  must  involve  radicals  characterized 
by  each  of  the  symbols  V,  V  and  V.  If,  however,  we  examine 
all  the  solutions  which  have  hitherto  been  discovered  of  parti- 
cular equations  of  that  degree,  we  shall  find  that  into  none  of 
them  do  cubic  radicals  cuter.  A  great  if  not  an  unpassable  barrier 
seems  at  first  view  to  oppose  their  introduction.  For  how  can 
cubic  radicals  arise  unless  there  be  a  cubic  equation  ?  And  how 
can  there  be  a  cubic  equation,  unless,  in  opposition  to  the  well- 
known  theorem  of  ]M.  Cauchy,  the  number  of  different  values  of 
a  non-symmetric  function  of  five  quantities  can  be  depressed  to 
three  ?  I  propose  now  to  inquire  whether  the  method  which  I 
have  given  in  my  "  Reflections  on  tlie  llesolution  of  Algebraic 
Equations  of  the  Fifth  Degree,"  will  enable  us  to  solve  these 
questions. 

2.  Turning  to  No.  44,  which  contains  the  first  application  of 
that  method,  we  find  (see  this  Journal  for  June  1845,  vol.  xxvi. 
p.  572)- 

"  The  equation  of  which 

W/'+JR(\V/«) 

is  a  root  will  evidently  be  of  the  third  degree.  For  omitting 
the  parentheses  connected  with  ^R,  we  sec  that 

iRW^«  =  iR^W/-(^,)  =  \^>(^,), 

the  exponent,  as  is  usual,  indicating  a  repetition  of  an  operation ; 
and  that  consequently  the  root  in  question  will  not  be  affected 
by  wi'iting/^(;8e)  instead  of/\ 
"  We  must  also  have 

(W/"  +  iRW/)(ab)(cd) .  .  =(VF)(ab)(cd) .  ., 

when  (ab)(cd)  . .  takes  the  form  (ab)(ab) ;  but  not  for  all  values 
of  a,  b,  c,  d, .  . :  since  the  method  of  continuous  substitutions 
will  not  generally  be  applicable  to  processes  based  upon  the 
theorem  (v,  w.),  which  is,  as  we  must  remember,  hypothetical  in 
itself. 

"  Hence  I  conclude  that  there  will  be  an  equation  of  the  third 
degree  with  given  coefficients  simultaneous  with  the  equation 
V^^-f-CiV^'*-f-  .  .  =0,  which  cannot  be  depressed  [by  any  further 
equalization  of  its  roots]  below  the  15th  degree  without  inducing 
certain  relations  among  Aj,  Ag,  .  .  A5." 

I  proceed  to  verify  a  residt  apparently  so  inexplicable. 

*  Communicated  by  the  Author. 


On  the  Resolution  of  Equations  of  the  Fifth  Degree.        113 

3.  From  the  form  which  the  equation  for  V  first  assumes,  we 
see  that  we  must  have  (p.  56-1) 

(V-Vp)      (V-Vg)      (V-Vh)x 

(V-Vf(«,3))(V-Vg(./3))0^-Vh(»^))  X 


> 


(o') 


(V-VF(„e))(V-YG(«e))(V-YH(«.)) 

=  0;" 

\q  and  Yji  denoting  what  Vp  becomes  wlien/is  changed  suc- 
cessively into  g  and  h. 

Let  us  examine  the  five  sets  of  factors  which  compose  the 
function  here  presented  to  us. 

4.  Resuming  the  equation 

rF  =  P/+  P/(/3e)„  +  P/  +  P/'(/3e)„, 

and  observing  that 

we  may  instantly  perceive  that  the  eight  functions 

w^ill  be  equal  to  each  other ;   (ySe)  and  (7S)   being  the  comple- 
mentary interchanges  relatively  to/a. 
Again,  it  is  clear  that  the  equations 

VG  =  P^  +  P^(ye)„  +P</+  P/(ye)„, 

will  furnish  a  corresponding  set  of  eight  equal  functions ;  the 
complementary  interchanges,  which  in  this  case  must  be  taken 
relatively  to  g^,  being  (76)  and  (y^S). 

And  a  similar  result  is  obtainable  from  the  equations 

'^«  =  ye  +  2/c  +  «.2/«- 

AYe  shall  thus  have  twenty-four  functions  distributed  in  three 
groups,  consisting  each  of  eight  functions. 

Analogous  groups  must  also  exist  for  \Y(a^),  ^  G(a,3)j  YH(a/3), 

for  \Y(ay),  ^'G(ay),  YH(ay),  .  •  and  for  Yf(«6),  y^G{tie),  Vh(«6)  ; 

Phil.  Mag.  S.  4.  Yol.  3.  No.  16.  Feh.  1852.  I 
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any  root,  x^,  continuing  fixed  during  the  formation  of  the  same 
set  of  groups. 

5.  If  now  we  represent  by 

any  symmetric  and  rational  function  of  ¥?(««),  VG(av),  Vh(«.j)*; 
on  supposing,  as  is  permitted,  x^,  Xj^,  x  ,  x^,  x^  successively  to 
become  fixed,  we  may  very  readily  obtain 


D(Vp(„r5),  ^G(ali),   VH(«/3))=V(.r^), 

D(Vf(«6),  VG(«e),  VH(«6))=V(a?^); 
being  expressive  of  rational  functions. 


(2) 


6.  Hence  it  appears  that  the  equation  (o')  may  take  the  form 

(V3  + V,^)VH%(^^)V+V3(^^))  X    ' 


y 


(o") 


=0. 

It  only  remains  therefore  to  investigate  the  nature  of  the 
rational  functions  designated  by  ^;-j,  ^rg,  . .  V3. 

7.  Now  the  first  member  of  the  equation  just  arrived  at  must, 
when  ex])anded,  be  capable  of  coinciding  throughout  its  whole 
extent  with  the  function  V'^  +  C iV^^  +  G^J^^  +  . .  +  Cj^.  Each 
therefore  of  the  fifteen  coefficients  arising  from  such  an  expan- 


siou  must  be  a  symmetric  function  of  the  roots  x^,  Xq,  .  .  x 


Whence  it  is  manifest  that  either 

h'   =V   _3,.   _4,.    _5 
'n         'n—    'n—    ' ,%—   ' 

ort 


> 


{<^o) 


n  being  equal  to  any  number  in  the  series  1,  2,  3. 

*  D  is  the  Hebrew  letter  sa-mekh. 

t  By  r(())  I  mean  the  absolute  term  of  the  series  for  r{x)  when  reduced 
to  its  most  simple  form  a  +  bx+cx"+dj^-\-ex*.  Thus  r(0)  is  here  equal  to  a. 
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In  wliich^  then,  of  these  two  ways  will  the  coincidence  take 
place  ? 

8.  We  shall  sec  that  it  is  the  second  system  (o-.,)  which  must 
generally  obtain  =^. 

In  effect,  if,  in  the  formation  of  the  groups,  we  suppose  the 
roots  to  become  fixed  in  the  order  x^,  x^  x^,  x  ,  x^,  there  wDl 
arise  a  new  system  of  equations, 

■wherein  ^i;  ^r, . .  ^i-  are  also  expressive  of  rational  functions. 
Accordingly,  on  comparing  (S)  and  (2),  we  shall  find 

'rix^)='-r{xj, 


2v 


^r{x^)=^r{x^). 

But  the  roots  of  the  general  equation  of  the  fifth  degree  do 
not  admit  of  being  inseparably  linked  together  in  any  such 
system  of  rational  expressions.  *  It  is  certain  therefore  that  the 
two  sets  of  functions,  ^r{x^),  -r{x^),  . .  ^r{x^),  and  ^iix^),  ^K^*)) 
. .  V(a'^),  must  merge  into  i;-(0),  'h-{0),  . .  ^;-(0). 

9.  Thus  the  equation  (o")  will  become 

(Y3  + 1;.^ (0) Y2  + 1,-^(0) V  +  \{0)')  X 

(V3  +  V,(0)V2  +  %(0)V+%(0))  X 

>     ■     •     (o'") 

(V3  +  'r,  (0)  Y^  +  %(0)  V  +  ^3(0)) 

=  0; 

and  will  consequently  be  resolvable  into  five  cubic  equations,  the 
coefficients  of  which  will  be  known  rational  functions  of  Ap  Ag, 
.  .  Ay  A  result  in  perfect  accordance  with  the  one  which  we 
proposed  to  verify — "  that  there  will  be  an  equation  of  the  thii-d 

*  I  thought,  indeed,  at  one  time^  while  viewing  the  subject  at  a  greater 
distance,  that  there  was  no  way  to  escape  from  the  first  system  (see  my 
remai-ks  in  this  Joiu-nal  for  January  1S46) ;  but  I  impHcitly  assumed,  what 
I  beheve  has  never  been  contested,  the  universaUtA"  of  M.  Cauchy's  theorem. 
It  wUl,  however,  appear  from  what  follows,  that  the  theorem  in  question 
cannot  be  safely  rested  on,  but  must  yield  its  place  to  another  theorem 
consisting  of  two  parts  or  branches,  which,  exclusively  of  particidar  cases, 
are  distinct,  and  incapable  of  coincidence  when  n  is  equal  to  5  or  to  any 
higher  number. 

12 
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The  verification  would  indeed  have  been  even  more  striking 
had  we  taken  into  account  the  equations  analogous  to  (aa). 
10.  It  is  obvious  that  generally 

VF(«(r)  +  VG(«i;)  +  VH(au)  =  —  Bi ; 

and  that  therefore 

1,.   _2,.   _3,.   _4,.   _5,.    . 

if,  then,  the  roots  of  a  particular  equation  of  the  fifth  degree  be 
so  related  to  eacli  other  as  to  cause  the  equation 

to  take  the  form 


((v+l,-(o))7=o. 


the  system  [a^)  will  in  that  case  coexist  with  {a^. 

11.  With  respect  to  the  theorem  of  M.  Cauchy,  it  fails  to 
apply  to  a  system  of  congeneric  expressions  such  as 

D(VF(a_6),    VG(«e),    VlI(._6))=V(0).J 

12.  Eveiy  difficulty  is  therefore  at  an  end.  We  are  thus  a 
secoiul  time  brought  to  the  conclusion,  which  (guarded  as  it  now 
is  and  fenced  round  on  every  side)  must  soon  approve  itself  to 
the  minds  of  mathematicians  :  that  the  roots  of  the  general  equa- 
tion of  the  fifth  degree  admit  of  being  expressed  by  jinite  combi- 
nations of  radicals  and  rational  functions. 

Long  Stratton,  Norfolk, 
January  13,  1852. 
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XVIII.  On  the  supposed  Identity  of  the  Agent  concerned  in  the 
PhfEuomena  of  ordinary  Electricity ,  Voltaic  Electricity,  Electi'o- 
magnetism.  Magneto-electricity,  and  Thermo-electricity.  By 
M.  DoNOYAx,  Esq.,  M.R.I.A."^ 

Section  I. —  On  the  Constitution  of  the  Electric  Fluid. 

TO  refer  the  greatest  number  of  effects  to  the  least  number 
of  causes  has  been  a  favourite  effort  with  those  who  ima- 
gine that,  by  so  doing,  they  \"indicate  and  hold  up  to  admiration 
what  they  call  the  simplicity  of  Nature's  operations.  It  may  be 
questioned,  howevei',  whether  the  faculties  of  man  enable  him 
to  perceive  and  appreciate  what  is  thus  alleged  to  be  a  perfection. 
It  being  as  easy  for  the  Almighty  to  bring  into  operation  a  mil- 
lion of  causes  as  one,  the  grounds  are  not  obvious  on  which  sim- 
plicity has  been  imagined  an  attribute  of  Divine  agency.  Xor 
does  it  appear  what  is  meant  by  the  term  when  thus  employed ; 
for  if  we  diminish  the  number  of  agents,  we  must  increase  the 
number  of  their  properties,  in  order  to  explain,  with  any  degree 
of  ]n-obability,  the  diversity  of  natural  phrenomcna ;  hence  no- 
thing is  thereby  simplified,  and  no  advantage  gained. 

Simplicity  does  not  seem  to  be  the  order  of  nature  :  scarcely 
any  object  is  simple;  almost  eveiything  is  compoimd.  The 
thousands  of  mineral  substances  that  constitute  the  mass  of 
the  globe  are  numerously  compounded ;  they  rarely  consist  of 
single  elements ;  and  the  waters  which  surround  it  are  com- 
posed of  a  variety  of  ingredients.  Animals  and  plants,  if  we 
consider  their  component  parts  in  conjunction  with  their  pro- 
perties, as  constituting  living  organizations,  are  complex  beyond 
all  comprehension.  Even  the  atmosphere,  and  the  solar  rays 
which  penetrate  it,  are  of  the  same  heterogeneous  structure.  If 
the  sun's  light  be  thus  of  compound  constitution,  why  should 
we  doubt  that  the  allied  element,  electricity,  partakes  of  the  uni- 
versal character  which  the  Almighty  has  impressed  on  his  works  ? 

This  question  brings  us  to  the  immediate  object  of  the  first 
part  of  the  present  essay — Is  electricity  a  simple  element  ? 

In  the  existing  state  of  knowledge,  it  is  impossible  to  come  to 
any  positive  determination.  It  appears  tome,  however,  that  the 
agent  called  the  electric  fluid  falls  within  the  general  analogy  of 
nature ;  that  far  from  being  a  homogeneous  elastic  mecUum,  as 
it  is  generally  conceived  to  be,  it  consists  of  several  elementary 
constituents,  each  possessing  different  properties.  The  natiu'e 
of  this  agent  may  be  considered  without  reference  to  the  ques- 
tion of  its  being  matter,  or  motion  of  matter,  or  of  an  ^ethereal 
fluid  :  motion  may  be  compound  as  well  as  matter. 

*  Commimicated  by  the  Author. 
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The  compound  nature  of  the  electricity  which  appears  in  the 
ph?enouiena  called  galvanic  has  been  often  suspected,  and  the 
difficulty  of  explaining  them  without  some  such  admission  has 
been  felt.  Dr.  Davy  asks — "  May  we  suppose,  according  to  the 
analogy  of  the  solar  ray,  that  the  electrical  power,  whether  excited 
by  the  common  machine,  or  by  the  voltaic  battery,  or  by  the 
torpedo,  is  not  a  simple  power,  but  a  combination  of  powers, 
which  may  occur  variously  associated,  and  produce  all  the  varie- 
ties of  electricity  with  which  wc  are  acquainted*?"  Sir  H.  Davy 
beheved  that  the  current  of  a  voltaic  series  is  a  mixture  of  mag- 
netism and  electricity  t-  Professor  Hare  conceives  that  the  fluid 
extricated  in  the  voltaic  series  is  a  combination  of  electricity, 
caloric  and  light  J.  There  are  other  conjectures  which  need  not 
be  here  particularly  noticed. 

That  the  electric  fluid  contains  heat  is  clearly  proved  by  its 
power  of  fusing  metals,  and  setting  fire  to  various  combustibles. 
That  these  pha^nomena  are  due  to  the  presence  of  the  principle 
called  caloric  can  scarcely  be  doubted  ;  the  same  that  is  evolved  in 
ordinary  cases  of  combustion,  attrition,  combination,  and  other 
manifestations.  If  it  be  not  so,  we  must  no  longer  speak  of  caloric 
as  the  principle  which,  by  addition  and  subtraction,  causes  the 
sensations  and  phrenomena  of  heat  and  cold :  we  must  admit  two 
calorics ;  and  if  so,  why  not  as  many  other  kinds  as  there  are 
diffi?rent  sources  ?  There  is  no  advantage  in  supposing  that  the 
heat  is  extricated  from  the  matter  acted  on  by  the  electric  fluid. 

That  light  is  contained  in  the  electric  fluid  is  rendered  obvious 
by  many  beautiful  contrivances ;  and  that  it  is  common  light  is 
evident  from  experiments  made  on  its  refraction,  reflexion,  po- 
larization, absorption  and  decomposition.  Were  it  denied  that 
electric  light  is  the  same  as  ordinary  light,  it  should  be  admitted 
as  a  consequence  that  all  luminous  plia?nomena  are  not  attribu- 
table to  the  old  well-knowii  element,  but  that  there  are  other 
principles  in  nature  created  to  exercise  one  and  the  same  fimc- 
tion,  which  is  improbable. 

The  existence  of  magnetism  in  the  electric  fire  is  rendered 
probable  by  those  experiments  in  which  steel  has  been  magnet- 
ized by  explosion  of  a  Leyden  jar,  and  the  poles  of  magnetic 
needles  have  been  reversed.  But  there  is  direct  endence  of  its 
presence  in  the  arch  of  flame  which  Sir  li.  Davy  obtained  from 
the  terminal  charcoal  points  of  a  voltaic  battery ;  there  was  even 
imdoubtcd  proof  of  what  may  be  called  a  current  of  magnetism ; 
for  by  means  of  a  powerful  magnet,  the  arch  of  flame  could  be 
attracted  or  repelled  according  to  the  pole  of  the  magnet  applied. 
This  fact,  suspected  by  Arago,  was  proved  by  De  la  Rive  and 

*  Philosophical  Transactions,  1832,  p.  275. 

t  PhU.  Mag.  S.  1 .  vol.  IviU.  p.  415.  J  Ibid.  1821,  pp.  286,  293. 
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Davy,  Besides,  the  copper  connecting  wire  of  a  voltaic  battery 
will  attract  iron  filings  when  the  series  is  excited ;  the  filings 
with  respect  to  each  other  assuming  a  polar  arrangement,  as  if 
they  were  collected  round  a  magnet.  The  arch  of  flame  is  accre- 
dited as  the  electric  current. 

But  as  the  electric  fluid  exerts  powers  of  attraction  and  repul- 
sion very  different  from  those  of  magnetism,  some  separate  ele- 
ment may  be  present  in  it  which  exercises  these  influences  on 
masses  of  matter,  and  produces  other  dynamic  effects  :  it  may 
be  different  from  the  heat,  light  and  magnetism,  which  are  asso- 
ciated with  electricity.  Perhaps  this  may  be  the  basis  of  the 
fluid ;  and  as  a  name  to  distinguish  it  will  be  convenient  in  the 
sequel,  it  may  be  here  called  "  electricity  proper.'^ 

But  what  is  it  that  causes  the  attractions  of  the  atoms  which 
compose  heterogeneous  matter,  or  in  other  words,  occasions 
chemical  combination  ?  is  it  the  same  as  that  element  just  spoken 
of  which  causes  attraction  and  repulsion  of  masses  of  matter  ? 
Some  of  our  eminent  authorities  have  maintained  that  it  is.  In 
my  Essay  on  the  Origin,  Progress,  and  Present  State  of  Gal- 
vanism, I  have  endeavoured  to  defend  the  contrary  opinion; 
and  in  the  sequel  of  the  present  essay  some  additional  considera- 
tions will  be  adduced  haWug  a  similar  tendency. 

The  physiological  phfenoraena,  comprising  the  shock  and 
muscular  contractions,  constitute  an  important  series  of  effects ; 
they  will  scarcely  be  supposed  to  l)e  produced  by  the  light,  heat, 
or  magnetism  of  the  electric  fluid.  They  may  perhaps  be  caused 
by  the  element  which  I  have  designated  by  the  name  of  "  elec- 
tricity proper,"  in  the  case  of  frictional  electricity  j  but  it  will 
be  a  part  of  the  object  of  this  essay  to  render  it  probable  that, 
in  what  is  called  voltaic  electricity,  a  power  exists  of  causing  a 
shock  of  a  very  different  nature. 

Concerning  the  agent  in  the  electric  fluid  which  possesses  the 
remarkable  property  of  coercing  the  magnetic  needle  into  a 
position  transverse  to  the  magnetic  meridian,  there  is  an  import- 
ant problem  to  be  solved  :  Is  it  the  same  as  that  jelement  of  the 
electric  fluid  which  causes  attraction  and  repulsion  of  masses  of 
matter — the  electricitij proper  ?  This  is  the  grand  question ;  and 
for  the  present  I  shall  say  no  more,  than  that  in  the  sequel  many 
arguments  and  facts  will  be  adduced  with  a  view  of  rendering  it 
probable  that  electricity  proper  is  not  the  force  which  causes 
deflection  of  the  magnetic  needle.  It  may  be  either  some  differ- 
ent force,  or  all  the  forces  conjointly. 

The  conclusion  at  which  I  arrive  is,  as  has  been  already  stated, 
that  what  is  called  the  electric  fluid  does  not  consist  of  one  ho- 
mogeneous element,  but  of  several;  that  the  difference  between 
the  various  exhibitions  of  it  vrhich  produce  frictional,  voltaic. 
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electro-niagneticj  magneto-electric,  and  tlicrmo-clcctfic  plircno- 
mcna,  depends  on  the  ratio,  or  variable  energy,  or  mode  of  asso- 
ciation of"  the  constitnent  elements,  or  on  the  influence  of  other 
modifications  which,  under  different  circumstances,  they  are 
capable  of  exerting  on  each  other;  in  one  word,  that  these 
various  classes  of  j)lueuomena  are  caused  by  different  agents ; — 
these  agents  as  much  differing  from  each  other  as  hundreds  of 
clicmical  compounds,  which,  consisting  of  the  same  elements, 
are  so  combined  and  grouped  as  to  constitute  and  be  recognised 
as  independent  forms  of  existence,  requiring  diff"erent  names. 
This  modifying  influence  is  probably  of  the  same  character  as 
that  which  the  forces  of  nature  exercise  on  each  other  on  the 
great  scale  of  creation,  controlling,  antagonising,  and  regulating 
each  others'  efl'ects ;  thus  producing  the  diversified  phsenomena 
of  the  universe,  but  rarely  acting  independently.  It  is  by  op- 
posing forces  that  the  earth  is  maintained  in  its  orbit ;  by  the 
interposition  of  a  third  force  its  unity  of  motion  and  integrity  of 
substance  are  preserved.  It  is  by  the  antagonism  of  an  attract- 
ive and  repulsive  power  that  hardness,  softness,  liquidity,  and 
fluidity  exist ;  but  for  this  antagonism  the  materials  of  creation 
would  be  bound  in  perpetual  rigidity,  or  attenuated  throughout 
space;  neither  animal  nor  vegetable  could  exist;  there  could 
not  be  either  air  or  water.  Were  it  not  for  the  control  which 
the  various  energies  of  nature  exercise  over  each  other,  new  forms 
of  things  would  be  produced  and  destroyed  in  rapid  succession ; 
change  would  be  perpetual ;  nothing  would  be  permanent.  It 
would  be  easy  but  useless  to  multiply  examples,  since  a  cursory 
view  of  creation  will  prove  that  the  Almighty  rarely  regulates 
the  course  of  natural  events  by  the  operation  of  insulated  forces ; 
there  is  scarcely  a  physical  ])hjcnomenon  in  which  it  is  not  pos- 
sible to  detect  the  operation  of  several ;  and  thus,  by  combina- 
tion of  elementary  causes,  a  vast  variety  of  effects  is  produced. 

If  it  be  true  that  complication  of  matter  and  of  forces  is  the 
method  of  nature,  can  we  without  risk  of  error  single  out  that 
most  remarkable  of  her  agents,  electricity,  and  affirm  that  it 
presents  itself  to  our  senses  in  a  state  difl'erent  from  that  in 
which  all  other  objects  occur, — in  an  imdisguised,  uncompoundcd 
form;  and  that  it  produces  its  wonderful,  diversified,  and  im- 
portant functions  in  virtue  of  one  single  or  homogeneous  element? 

The  opinions  here  promulgated  differ  widely  from  those  which 
ai'e  now  almost  universally  maintained  by  philosophers.  Ey  a 
kind  of  tacit  consent,  it  has  been  commonly  assumed  that  the 
calorific,  luminous,  dynamic,  magnetic,  chemical,  and  physiolo- 
gical properties  of  the  electric  fluid  arc  exercised  by  it  as  an 
uncompoundcd  element ;  of  a  constitution  invariable  and  iden- 
tical under  every  aspect,  unless  in  the  two  great  varieties  of  the 
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positive  and  negative  states^  the  difference  of  -wliicli  is  at  present 
incompi'elieusible  although  remarkable.  This  opinion  has  been 
the  source  of  all  the  difficulties  experienced  in  the  efforts  of 
philosophers  to  reconcile  the  differences  of  effect  in  the  various 
forms  of  electricity.  By  admitting  the  compound  nature  of  the 
electric  fluid,  the  occasional  variation  in  its  constitution  already 
alluded  to,  and  the  consequent  existence  of  combinations  of  these 
constituents  so  different  from  each  other  as  to  constitute  distinct 
agents,  we  reduce  the  conflicting  phsenomeua  under  one  com- 
prehensive explanation,  namely,  that  they  are  the  effects  of  causes 
specifically  different. 

If  it  be  hypothetical  to  assume,  as  I  do,  the  compound  natvu-e 
of  the  electric  fluid,  surely  it  is  as  much  so  to  suppose  -with  others 
that  it  is  a  simple  element.  The  former  is  supported  by  analogy 
and  several  undoubted  facts ;  the  latter,  as  will  be  hereafter 
shown,  leads  to  contradictions  and  embarrassments.  Besides, 
the  compound  natiu'e  of  electricity  is  in  some  sort  maintained  by 
all  those  who  conceive  the  existence  of  two  fluids  which  by  com- 
bination neutralize  each  other,  and  thus  constitute  the  natm-al 
state  of  equilibrium.  Perhaps  the  notion  here  entertained  may 
suggest  the  idea  that  in  the  excitation  of  electricity,  whether  by 
friction,  chemical  action,  heat  or  magnetism,  the  compound  fluid 
is  decomposed  into  the  positive  and  negative  states  belonging  to 
each  variety  of  electricity,  an  unequal  dinsion  of  the  constituent 
elements  giving  rise  to  the  difference  of  properties  which  then 
becomes  so  remarkable.  It  is  only  in  this  state  of  decomposition 
that  electricity  of  any  kind  is  sensible  or  active. 

The  different  elementaiy  forces,  which  are  here  supposed  to 
constitute  the  electric  fluid,  are  in  some  manner  embodied  into 
a  singular  state  of  existence,  neither  solid,  liquid,  nor  aeriform ; 
a  something  of  extreme  tenuity ;  imponderable,  yet  possessing 
some  of  the  characters  of  materiality.  Mr.  Sturgeon  appeal's  to 
me  to  have  given  the  preponderance  to  the  probability  of  the 
opinion  that  electricity  is  matter,  diflacult  as  it  may  be  to  com- 
prehend such  a  strange  constitution.  He  seems  to  have  been 
successful  also  in  proving  that  the  idea  of  Aibrations,  as  applied  to 
electricity,  is  incomprehensible.  An  experiment  which  I  made  and 
published  (Phil.  Mag.  S.  1.  vol.  xliv.)  many  years  since,  induces 
me  to  consider  the  doctrine  of  vibrations  less  probable  than  that 
of  the  materiality  of  the  electric  fluid :  it  was  as  follows : — A 
wire  depending  from  the  prime  conductor  of  an  electrical  machine 
was  made  to  convey  a  charge  down  through  the  long  slender 
neck  of  a  very  thin  glass  flask,  the  lower  hemisphere  of  which 
was  externally  coated  with  tin-foil,  and  filled  to  the  same  height 
with  mercury.  The  flask,  now  a  Leyden  phial,  being  charged, 
was  withdrawn  from  the  charging  wire ;  its  neck  was  sealed  at  a 


12,2      Mr.  M.  Donovan  on  the  supposed  Identiiij  of  the  Agent 

lamp  by  melting  the  glass ;  and  the  whole  was  immersed  in  a 
vessel  of  water,  and  kept  there  for  fourteen  days.  The  flask 
being  withdrawn  and  dried,  its  neck  was  cut  off.  Holding  the 
coating  in  one  hand,  and  introducing  a  wire  into  the  mercury 
with  the  other,  I  received  a  shock,  reduced,  it  is  true,  from 
what  it  had  been.  It  can  scarcely  be  believed  that  this  electri- 
city consisted  in  vibrations  :  it  were  singular  if  vibrations  covdd 
be  thus  confined  in  a  bottle  for  fourteen  days  and  still  continue. 
The  same  experiment  was  made  long  afterwards  by  Faraday ; 
but  the  glasses  being  kept  for  two  or  three  years,  the  whole 
charge  escaped. 

Some  persons  may  object  to  my  experiment,  that  during  this 
period  the  electricity  was  quiescent,  and  that  on  its  liberation 
the  vibrations  recommenced.  But  this  implies  that  there  was  a 
something  confined  which  was  capable  of  vibrating  : — What  was 
it  ?  If  it  v/as  an  sethereal  fluid,  as  some  say,  it  may  as  well  be 
named  the  electric  fluid. 

It  is  indeed  of  little  consequeiice  to  the  opinions  here  advo- 
cated, whether  electricity  be  considered  as  matter,  or  vibrations 
of  some  peculiar  fether,  or  of  any  conceivable  state  of  existence ; 
it  will  answer  the  present  purpose  to  view  the  electric  fluid  as  a 
combination  of  elementary  forces  or  agents  of  whatever  kind. 
Tliese  constituent  forces  or  agents  must  be  maintained  in  a  state 
of  association,  coerced  by  some  peculiar  attraction  or  affinity, 
^'^liatever  the  bond  of  union,  there  must  be  some  such  bond,  be 
its  nature  or  name  what  it  may ;  as  without  the  intervention  of 
such  a  power,  the  integrity  of  the  compound  fluid  would  be  with- 
out an  assignable  cause,  and  no  explanation  could  be  given  of  the 
passage  of  all  the  constituent  elements  through  certain  kinds  of 
matter,  which  under  other  circumstances  would  have  been  imper- 
vious to  some  of  them.  We  know  that  in  the  constitution  of 
other  imponderables  such  a  pov/cr  exists.  The  phosphorescence 
of  certain  bodies  was  at  one  time  attributed  to  chemical  attraction 
mutually  subsisting  between  light  and  the  phosphorescent  body, 
to  the  consequent  absoi^ition  of  the  former,  and  its  extrication 
in  the  dark.  It  is  true  that  the  present  term  used  to  ex]iress 
this  effect  is  adhesion,  which  still  implies  attraction  of  some  kind. 

This  attraction  or  adhesion  is  generally  admitted  to  maintain 
the  state  of  combination  between  othci*  imponderable  elements; 
such  seems  to  subsist  in  the  sun-beam,  the  heterogeneous  rays 
of  which  travel  from  the  sun  to  the  earth  96  millions  of  miles  in 
a  state  of  integrity :  they  may  be  separated,  it  is  true,  by  various 
processes ;  but  without  the  employment  of  such  they  cohere  with 
obstinacy.  Mr.  i\Iackintosh  has  several  times  observed  the  sun's 
rays  to  be  so  much  concentrated  by  the  convex  glasses  which 
answer  the  pui-pose  of  windows  in  a  diving-bell,  that  the  clothes 
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of  the  labourers  were  set  on  iii'e  when  exposed  to  the  focus, 
although  these  rays  had  to  pass  through  twentj'-iive  feet  depth 
of  water.  Captain  Scoresby  succeeded  in  burning  bodies  by  the 
sun's  rays  passed  through  a  lens  of  ice,  the  ice  itself  remaining 
unmelted.  Heat  is  held  combined  in  voltaic  electricity,  as  ap- 
pears from  the  fact,  that  a  thin  platinum  wii'e  may  be  melted  by 
a  current  which  has  passed  through  tinfoil  immersed  in  a  free- 
zing mLxtiu-e.  Those  who  mamtain  the  identity  of  light  and 
heat  -ivill  deny  that  these  facts  prove  anji:hing.  Theii"  effect 
would  certainly  fail  if  it  can  be  satisfactorily  explained  why  a 
sun-beam,  by  falling  on  the  moon,  is  so  far  altered,  that  when 
reflected  to  the  earth  and  concentrated  3000  times  by  our  spe- 
cula, the  light  has  no  effect  on  the  most  sensible  thermometers, 
or  even  on  a  thermo-multiplier^. 

That  electricity  is  combined  "snth  light  in  the  smi's  beam  by 
some  such  force  as  is  here  presumed  to  hold  the  elementary  con- 
stituents of  the  electric  fluid  together,  is  rendered  strikingly  pro- 
bable by  an  experiment  of  Z\latteucci.  Allien  the  sun's  rays  are 
made  to  fall  on  a  perfectly  dry  glass  plate,  the  latter  becomes 
electrical ;  a  second  plate  on  which  the  light  falls  after  passing 
through  the  first  does  not  become  so,  although  there  is  little 
diminution  of  the  light.  That  the  effect  is  due  to  the  electricity 
of  the  beam,  and  not  to  excitement  of  the  glass  by  heat,  is  shown 
by  the  failure  of  any  effect  on  the  second  plate,  and  also  by  the 
fact  that  heating  by  fire  has  no  such  power.  The  electric  fluid 
is  carried  forward  in  the  beam  by  the  coercive  power  alluded  to, 
yet  is  so  far  obedient  to  the  law  of  non-conductors  that  it  is  in- 
tercepted by  the  first  glass  plate,  and  does  not  pass  to  the  second. 
This,  at  least,  seems  the  most  probable  explanation ;  and,  in  such 
recondite  subjects,  probability  is  our  chief  guide. 

It  is  to  be  remembered  that  chemical  attraction  or  affinity  is 
attributed  to  electricity  in  direct  terms  by  the  philosophers  of 
the  present  day.  They  speak  of  combinations  of  electricity  with 
hydrogen,  oxygen,  and  other  bodies,  and  found  systems  on  the 
existence  of  such  combiuations,  in  which  cases  the  affinity  must 
be  mutual.  If  they  are  warranted  in  attributing  affinity  to  in- 
tegral electricity,  I  am  not  less  so  in  attributing  the  same  power 
to  its  constituents. 

All  these  considerations  show,  that  in  my  assumption  of  a 
coercive  power  which  preserves  the  integrity  of  the  electric  fluid 
by  holding  its  constituent  elements  in  union,  there  is  nothing 
irreconcileable  or  repugnant,  inasmuch  as  a  similar  power  appears 
to  act  on  the  heterogeneous  elements  of  other  imponderable 
matter. 

If  it  be  admitted  that  the  electric  fluid  consists  of  heteroge- 
*  Gmelin,  vol.  i.  p.  166. 


124      Mr.  M.  Donovan  on  the  supposed  Identity  of  the  Agent 

ncous  elements  held  tog-ether  by  an  attraetivc  force,  varying  in 
the  ratio  and  perhaps  in  the  mode  of  combination  according  to 
the  circumstances  of  the  excitement  which  produced  it,  we  shall 
be  at  no  loss  to  understand  why  electricity  ajipears  under  such 
diftcrent  forms  as  those  called  frictional,  voltaic,  thermal  and 
magnetic,  and  Avhy  these  different  forms  pervade  and  are  con- 
ducted by  the  same  bodies.  It  has  always  been  one  of  the  chief 
arguments  of  those  who  contend  for  the  identity  of  the  voltaic 
and  electric  agents,  that  they  arc  transmitted  by  the  same  kind 
of  matter.  But  this  is  what  ought  to  happen,  according  to  the 
view  here  given ;  and  hence  the  conduction  of  the  different  kinds 
of  electricity  by  the  same  bodies  is  of  no  force  as  an  argument 
for  identity  and  against  dissimilarity.  The  passage  over  the 
same  conductors  may  very  well  take  place  if  the  elementaiy  con- 
stituents be  the  same,  although  the  other  circumstances  are  so 
different  as  to  impress  on  the  agent  the  character  of  total  dissi- 
milarity. It  is  however  to  be  expected  that  this  difference  of 
circumstances  would  produce  some  difference  in  the  effects. 
That  it  does  is  abundantly  evident ;  so  much  so,  indeed,  that 
there  are  very  few  points  of  real  resemblance. 

One  Very  striking  difference  of  properties,  which  may  be  fairly 
attributed  to  the  variation  of  constitution  in  the  electric  agent, 
is  the  facility  with  which  statical  electricity  is  conducted  by  water, 
and  the  insuperable  difficulty  experienced  when  attempts  are 
made  to  pass  thermo-electricity  or  thermo-triboelectricity  through 
the  smallest  portion  of  even  salt  water,  as  if  the  constituent  ele- 
ment were  absent  that  acts  as  the  vector  of  all  those  which  in 
their  own  nature  do  not  move  through  conductors.  The  most 
powerful  frictional  electric  machine  can  scarcely  be  excited  if  the 
atmosphere  be  damp  ;  and  a  small  jar  or  large  battery  will  not 
retain  the  highest  or  lowest  intensity  if  the  glass  be  not  perfectly 
dry.  But  so  different  is  the  constitution  of  electricity  furnished 
by  heating  two  very  slender  ^^^res  of  different  metals  in  contact, 
that  although  they  will  cause  deflection  of  the  galvanometer  wire 
to  60°  (which  the  most  powerful  frictiunal  machine  and  battery 
will  scarcely  effect),  yet  such  electricity  will  not  pass  through 
■gJ^th  of  an  inch  of  salt  water  interposed  between  the  conducting 
wires.  In  an  essay  not  long  since  read  to  the  Royal  Irish  Aca- 
demy, I  showed  that  by  causing  rapid  revolution  of  a  bismuth 
wOieel  against  a  rubber  of  antimony,  each  metal  being  connected 
with  the  galvanometer,  the  needle  stood  permanently  at  60°  or 
70° ;  but  the  interposition  of  -^^iXi  of  an  inch  of  salt  water  be- 
tween'the  conducting  wires  stopped  the  current,  although  40 
inches  of  the  same  water  Avere  traversed  by  the  electricity  arising 
from  a  surface  of  zinc  and  a  surface  of  platinum,  each  half  an 
inch  square,  the  galvanometer  needle  standing  pennanently  at 
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60°.  Can  the  constitution  of  the  electricity  arising  from  all 
these  sources  be  the  same  ? 

Whatever  may  be  the  nature  of  the  power  which,  when  asso- 
ciated with  matter,  constitutes  chemical  affinity,  it  seems  to  be 
found  in  the  electric  fluid  combined  with  the  other  constituent 
elements,  and  to  be  transmissible  through  conductors ;  for  it  is 
known  that  in  this  state  it  energetically  effects  combinations  and 
decompositions  of  bodies.  In  assuming  that  the  principle  which 
causes  chemical  effects  may,  by  being  a  constituent  element  of 
the  electric  fluid,  be  thus  transferred  through  solid  matter,  or 
air,  or  even  a  vacuum,  I  do  not  conceive  that  I  take  an  unwar- 
rantable liberty  with  the  facts,  for  they  seem  actually  to  innte 
the  assumption.  I  advanced  the  opinion  that  affinity  might  be 
transferred  from  one  body  to  another  many  years  since,  in  an 
essay  which,  in  a  different  form,  was  honoured  with  the  prize  by 
the  Royal  Irish  Academy ;  but  even  then  the  idea  was  not  a 
novelty;  for  Sir  H.  Da\T  virtually  maintained  the  same  notion 
more  extensively  when  he  promulgated  his  doctrine  of  the  iden- 
tity of  electricity  and  affinity ;  Professor  Faraday  entertains  it 
now;  and  Professor  Schonbein  employs  the  very  same  idea  in 
the  follo^"ing  sentence,  which  seems  to  convey  his  assent  to  the 
notion  of  transferred  affinity,  although  it  is  apparently  expressed 
conditionally:  he  says,  "if  there  be  any  instance  of  chemical 
affinity  beins;  transmitted  in  the  form  of  a  current  bv  means  of 
conducting  bodies,  I  think  the  fact  just  stated  may  be  considered 
as  such*."  Faraday  speaks  explicitly  and  decidedly :  he  says, 
"  all  the  facts  show  us  that  the  power  commonly  called  chemical 
affinity  can  be  communicated  to  a  distaucet;"  and  "the  force 
of  chemical  affinity  is  then  transferred  through  the  two  metals  J." 

That  Davy,  Berzelius,  Ampere,  Faraday,  and  some  others,  all 
admitted  the  principle  of  the  transference  of  chemical  affinity  to 
a  distance  and  through  space  need  scarcely  be  adverted  to,  when 
it  is  well  kno^ATi,  that,  in  the  school  of  these  philosophers,  electri- 
city and  affinity  are  the  same  forces  ;  hence  if  the  former  can  be 
transferred,  so  can  the  latter ;  and  my  views,  formerly  designated 
by  a  few  persons  "  a  startling  novelty,"  are  protected,  in  their 
present  more  decided  form,  from  the  imputation  of  unwarrantable 
innovation . 

That  a  distinct  constituent  element,  possessing  chemical  powers 
should  exist  in  the  compound  called  the  electric  fluid,  associated 
with  heat,  prismatic  rays,  and  magnetism,  is  neither  less  intelH- 
gible  nor  more  improbable  than  that  the  very  same  elements 
should  be  found  associated  in  the  sun's  beam.  I  am  aware  that 
the  existence  in  the  solar  ray  of  a  power  which  produces  the  phse- 

*  Phil.  Mag.  S.  3.  Julv  1836.  t  Researches,  &c.  p.  212. 

X  Ibid.  p.  284. 
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nomcna  of  magnetism  has  been  denied ;  but  when  I  find  it 
affirmed  ])y  such  a  number  of  witnesses,  comprising  jMorichini, 
Carpi,  Ridolti,  Gmelin,  Davy,  Playfair,-  Barlocci,  Zantcdeschi, 
Christie,  Souierville,  Baumgartner,  and  the  jMessrs.  Knox,  I 
cannot  believe  that  they  were  all  deceived.  The  statement  of 
Playfair,  as  given  by  Sir  David  Brewster,  is  too  strong,  striking 
and  circumstantial,  to  admit  the  suspicion  of  mistake. 

The  advantage  to  be  dei'ived  from  admitting  that  the  electric 
fluid  is  a  compound  of  elementary  forces,  which,  according  to 
the  circumstances  of  its  excitation,  may  vary  in  its  constitution, 
is  that  our  explanations  of  phenomena  arc  thereby  disentangled 
from  a  multiplicity  of  embarrassments  occasioned  by  the  supposed 
identity  of  the  various  forms  of  electricity ;  and  the  endeavour  to 
reduce  irrcconcileable  effects  under  the  operation  of  a  single 
cause  is  no  longer  necessaiy.  These  laboured  efforts  to  sustain 
the  doctrine  of  identity,  have  had  their  influence  in  causing  the 
eontradictoiy  speculations  promulgated  concerning  electricity  in 
connexion  with  matter.  AVere  there  as  much  truth  as  boldness 
in  them,  we  should  by  this  time  have  attained  a  thorough  know- 
ledge of  the  internal  structure  of  matter;  the  veiy  shape  of 
atoms,  and  their  individual  constitution  and  properties,  must 
have  been  ascertained.  By  one  philosopher  we  are  informed 
that  atoms  are  spherical ;  others  find  that  electricity  is  an  inte- 
grant part  of  their  composition,  and  even  declare  that  without  it 
the  atoms  could  not  exist.  Again,  we  are  informed  that  each 
atom  has  two  electrical  poles.  This  is  utterly  denied  by  another 
authority ;  the  argument  adduced  is,  that  polarity  is  incompatible 
^^^th  sphericity,  all  the  points  in  the  surface  of  a  sphere  being 
symmetrically  placed  with  relation  to  the  centre.  The  idea  of 
polarity  is  also  denied  by  others,  who  have  discovered  that  some 
atoms  are  positively  and  some  negatively  electrical  throughout 
their  mass.  To  this  is  also  added,  that  the  electricity  proper  to 
each  atom  is  disguised  by  an  electrical  atmosphere  which  sur- 
rounds it.  Some  philosophers  declare  that  the  polar  electricities 
of  atoms  are  not  of  equal  intensity,  one  always  predominating  : 
this  is  most  emi)hatically  denied  by  others,  who  conceive  that 
the  admission  of  equality  is  indispensable.  It  is  not  to  be  for- 
gotten also,  that  some  will  admit  but  one  electric  fluid ;  others 
must  have  two,  or  they  explain  nothing ;  but  others,  again,  ex- 
plain all  the  pha?nomena  without  any  electric  fluid  at  all.  The 
list  of  contradictory  specidations  should  be  considered  in  con- 
nexion with  this  very  extraordinary  fact,  that  the  fundamental 
principle  of  one  theory  of  galvanism  is,  that  water  is  a  conductor 
of  electricity ;  but  in  the  rival  one  it  is  assumed  to  be  an  insu- 
lator ;  and  without  the  admission  of  one  or  other  of  these  con- 
flicting positions  neither  theoiy  can  stand  its  ground. 
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la  the  observations  thus  made,  it  is  as  far  from  being  my  msh, 
as  it  is  beyond  my  capability,  to  depreciate  the  labours  of  the 
illustrious  persons  who  have  erected  splendid  specimens  of  art 
on  the  foundations  just  described.  They  used  these  foundations 
as  they  found  them  ;  and  if  they  be  not  sound  and  permanent, 
we  have  only  to  lament  that  so  much  skill,  ingenuity  and  indus- 
try, were  not  bestowed  on  a  more  solid  basis. 

11  Clare  Street,  Dublin. 

[To  be  continued.] 


XIX.  Remarks  on  the  Researches  of  Dr.  Goodman  "  On  the  Iden- 
tity of  the  Existences  or  Forces,  Light,  Heat,  Electricity  and 
Magnetism  J"     By  Dr.  Tyndall*. 

THE  December  Number  of  the  Philosophical  Magazme  con- 
tains an  abstract  of  a  paper  bearing  the  above  title,  and 
recently  read  before  the  Royal  Society  by  its  Secretary  Mr.  Bell. 
Dr.  Goodman  finds,  that  on  suspending  a  magnetized  sewing- 
needle  within  the  helix  of  a  galvanometer,  and  covering  the  in- 
strument with  a  glass  shade,  when  the  sun  is  permitted  to  shine 
strongly  upon  the  instrument  an  electric  current  is  develojDed  in 
the  helix,  which  is  indicated  by  its  action  upon  the  magnetized 
needle.  The  direction  of  the  cm-rent  varies  vnih.  the  portion  of 
the  instrument  shone  upon,  and  in  some  cases  a  permanent  de- 
flection of  10  or  12  degrees  was  obtained  even  when  the  two  ends 
of  the  galvanometer  wire  were  disunited.  "  During  the  com'se  of 
the  experiments  the  circuit  was  established  by  means  of  a  con- 
necting wire  between  the  mercury  cups,  and  the  circuit  was  again 
and  again  completed,  and  as  frequently  broken,  \^4thout  any 
deviation  occurring  in  any  of  the  results."  The  remarks  made 
further  on  will,  perhaps,  excuse  me  to  Dr.  Goodman  if  I 
propose  the  following  modifications  of  his  experiment :  first,  to 
remove  the  magnetized  sewing-needle  and  put  an  unmagnetized 
one  in  its  place ;  secondly,  to  remove  the  steel  needles  altogether 
and  substitute  in  their  stead  one  of  copper  'or  of  wood;  thirdly, 
to  remove  the  helix  also,  and  leave  the  wooden  or  copper  needle 
and  dial-plate  alone  within  the  shade.  If,  on  submitting  the 
apparatus  to  the  conditions  described,  in  none  of  these  proposed 
cases  an  action  quite  the  same  as  that  exhibited  by  the  magnet- 
ized needle  can  be  observed,  then  is  the  discovery  a  most  sm'pri- 
sing  one,  and  the  momentous  conclusion  drawn  from  it  in  some 
measure  justified.  I  believe,  however,  that  it  has  been  the  lot 
of  many  experimenters  to  deal  with  phsenomena  similar  to  those 

*  Communicated  by  the  Author. 
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described  by  Dr.  Goodman,  in  cases  where  there  was  no  possi- 
bihty  of  an  electric  current  being  formed. 

During  the  inquiry  on   diamagnetism    and   magnecrystallic 
action,  an  account  of  whicli  appears  in  the  September  Number  of 
this  ]\ragazine  for  1851,  the  torsion  bahmce  there  described  was 
placed  before  a  window  through  which  the  sun  shone  during  the 
forenoon.     In  experimenting  with  the  spheres  of  bismuth,  I  was 
often  perplexed  and  baffled  by  the  contradictory  results  obtained 
at  different  hours  of  the  same  day.    With  the  spheres  of  calca- 
reous spar,  where  the  diamagnetie  action  was  weak,  the  discre- 
pancies were  still  more  striking.     Once  while  gazing  puzzled  at 
the  clear  ball  of  spar  resting  on  the  torsion  balance,  my  atten- 
tion was  attracted  to  the  bright  spot  of  sunlight  formed  by  the 
convergence  of  the  beams  whicli  traversed  the  spar,  and  the 
thought  immediately  occurred  to  me  that  this  little  "  fire-place  " 
might  be   sufficient  to  create  currents  of  air  strong  enough  to 
cause  the  anomalies  observed.      The  light  was  shut  out,  and 
thus  the  source   of  my  perplexity  was  effectually   cut    away. 
The  air-currents,  however,  were  far  more  owing  to  the  warming 
of  the  glass  cover  of  the  instrument  than  to  the  convergence  of 
the  sun's  rays ;  during  the  whole  inquiry  I  was  obliged  to  ex- 
periment every  sunshiny  forenoon  with   closed  shutters.     On 
mentioning  this  fact  to   Prof.  Magnus,  he  informed  me  that 
during  his  investigation  on  thermo-electric  currents,  a  report  of 
which  appears  in  the  present  Number  of  the  Philosojihical  Maga- 
zine, he  was  obliged  to  protect  his  galvanometer  from  the  action 
of  the  sun,  as  the  unequal  heating  of  its  glass  shade  rendered  his 
astatic  needles  quite  unsteady.      It  is  almost  incredible  how 
slight  a  difference  of  temperature  is   sufficient  to  create  these 
currents,  and  thus  disturb  the  action  of  a  finely  suspended  needle. 
M.  Kohlrausch,  whose  refined  experiments  I  had  the  pleasure  of 
witnessing  for  several  successive  days  last  spring,  has  been  obliged 
to  construct  a  table  for  the  express  purpose  of  making  allowance 
for  the  little  whirlwinds  which  sometimes  establish  themselves  in 
his  electrometer.     In  his  instrument,  a  needle  of  silver  wire  is 
suspended  from  a  glass  fibre  of  extreme  tenuity,  the  needle  being 
protected  by  a  vessel  of  brass  with  a  glass  cover.     The  days  on 
which  we  experimented  were  cold  ones ;  and  as  long  as  a  good 
fire  was  kept  in  the  stove  which  heated  the  room,  the  experiments 
were  satisfactory ;  but  as  soon  as  the  fire  became  low,  and  radia- 
tion set  in  strongly  against  the  cold  window-panes  before  which 
the  electrometer  was  placed,  the  action  of  the  air  within  the 
brass  Acssel  upon  the  needle  was  at  once  exhibited,  and  increased 
to  such  a  degree,  with  the  decreasing  temperature,  that  further 
experiment  had  to  be  abandoned.     M.  Kohlrausch  has  mapped 
these  little  currents  with  great  care.    They  resemble,  to  compare 
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small  things  with  great,  the  cyclones  of  Colonel  Reid.  To  pre- 
serve equability  of  temperature,  a  screen  of  pasteboard  was  often 
found  serviceable.  Now  that  a  needle  suspended  from  a  silken 
fibre  sixteen  inches  long,  covered  with  a  glass  shade  and  placed 
in  strong  sunlight,  which  are  the  conditions  of  Dr.  Goodman^s 
experiments,  should  also  be  influenced  by  air-currents,  is  exceed- 
ingly probable,  and  that  a  permanent  current  of  electricity  should 
circulate  in  a  helix  of  covered  copper  wire  with  its  two  ends  dis- 
connected being  exceedingly  improbable,  it  appears  worth  the 
trouble  to  subject  the  matter  to  one  or  more  of  the  three  tests 
which  have  been  above  proposed. 

Queen  wood  College, 
Jan.  1, 1852. 


XX.  Homogeneous  Functions,  and  their  Index  Symbol*. 
By  Robert  Carmichael,  A.B.,  Trinity  College,  Dublinf. 

IN  a  valuable  memoir  published  in  the  Philosophical  Transac- 
tions for  the  year  1844,  Professor  Boole,  by  the  aid  of  two 
fundamental  principles,  has  given  general  methods  of  solution 
for  certain  extensive  classes  of  linear  differential  equations.  It 
is  the  chief  object  of  the  present  paper  to  show  that,  by  a  gene- 
ralization of  those  principles  and  a  suitable  development  of  the 
consequences  of  the  higher  principles,  we  can  obtain  similar 
general  methods  of  solution  of  con-esponding  classes  of  pai'tial 
differential  equations.  The  solutions  of  such  partial  diffei'ential 
equations  will  be  foimd  to  be  unafl:ected  by  the  number  of  inde- 
pendent variables  which  the  equations  may  contain ;  but  more 
especial  reference  is  made  to  those  in  most  common  occurrence, 
containing  but  two  independent  variables,  x  and  y. 

In  the  course  of  the  investigation,  extensions  of  many  familiar 
and  elementaiy  theorems  are  furnished,  which  seem  to  possess 
much  practical  utility.  From  the  spontaneity  ^\'ith  which  they 
evolve  themselves,  and  the  faciUty  with  which  they  admit  of 
employment,  they  appear  to  open  a  large  and  fi-uitful  field  for 
future  speculation. 

By  an  application  of  the  general  principles  to  the  subject  of 

*  The  principal  portion  of  the  first  seven  articles  in  this  paper  has  been 
already  pubhshed  in  the  Cambridge  and  Dublin  Mathematical  Journal, 
November  1851.  In  the  Number  of  the  same  Journal  for  February  1851, 
will  be  found  an  interesting  and  masterly  paper  by  Mr.  Sylvester,  "On 
certain  general  Properties  of  Homogeneous  Functions."  The  same  sjTnbol 
is  there  applied  to  equations  in  finite  terms,  with  a  view  to  the  subjects  of 
surfaces  and  the  linear  solution  of  systems  of  indeterminate  equations.  In 
the  present  paper  the  s^Tubol  is  applied  to  the  subjects  of  partial  differential 
equations  and  multiple  definite  integrals. 

t  Communicated  bv  the  Autiior. 
Phil.  Mag.  S.  4.  Vol.  3.  No.  IG.  Feb.  1852.  K 
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Multiple  Definite  Integrals,  it  will  be  seen  that  valuable  results 
can  be  obtained,  and  some  examples  are  furnished.  It  will  be 
observed  that  these  general  principles  present  the  means  of  ex- 
tending all  multii)le  definite  integrals,  in  which  the  variables 
enter,  as  complicated  functions,  in  the  indices  of  kno\ni  quan- 
tities unconnected  with  the  limits.  This  seems  to  be  an  im- 
portant step,  but  an  adequate  development  of  its  consequences 
would  much  exceed  the  limits  of  the  present  paper. 

Tlie  instrument  employed  is  the  symbol  which  occurs  in  the 
well-known  theorem  of  homogeneous  functions.  The  relation 
which  the  result  of  the  operation  of  this  s^^nbol  upon  any  ho- 
mogeneous function  bears  to  the  degree  of  the  function,  seems 
to  give  ground  for  the  appellation.  Index  Symbol. 

In  conclusion,  the  writer  begs  to  express  in  the  most  ample 
manner  his  acknowledgements  to  the  distinguished  mathemati- 
cian above  named. 

1.  In  general,  if 

be  a  homogeneous  function  of  the  with  degree  between  the  n  in- 
dependent variables  w,  y,  z,  &c., 

or,  putting  the  operating  s)Tnbol 


we  have 


d  d  d        ^ 

''d^^  +  ^dy  +  'Tz  +  ^''=^' 


V  .u,„=m  .u„,, 
and  by  successive  operation. 

Hence  the  theorem 

F(V).M„.=F(/«)-"m, (1) 

which  is  an  extension  of  the  theorem 

/(.r^)  .  ^-  =f{m)  .  .r-,  or /(D)  .  e-^=f{m) .  e-\ 

the  first  fundamental  principle  employ .^d  by  Professor  Boole. 
In  fact,  x^  is  a  particular  homogeneous  function  of  the  mih. 

degree,  and  ^  -j-  is  the  first  term  of  V. 

2.  Now  if  U  be  any  mixed  rational  function  of  .r,  y,  z,  &c.,  it 
can,  in  general,  be  put  under  the  form 

U  =  Uq  +  J/j  +  "2  +  ^'C.  +  n„, ; 
and  we  have  a  theorem  for  mixed  rational  functions  corresponding 
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to  (1),  namely, 

F(V).U  =  F(0)mo  +  F(1)i/,+F(2)i/,+  &c.  +F(»iK..    ...  (2) 

As  an  example,  let  the  result  of  the  operation  of  u^  on  U  be 
investigated.     Then 

a^  .  U  =  Mq  +  ff Mj  +  a^U,2  +  &C.    +  «'"  Um  ) 

and  the  interpretation  of  this  result  is  readily  seen  to  be,  that 

the  operation  of  a^  upon  the  mixed  rational  function  U  converts 

the  several  variables  ,r,  y,  z,  &c.  throughout  it  into  ax,  ay,  az,  &c. 

If  U  be  supposed  to  contain  the  two  distinct  sets  of  variables 

X,  y,  z,  &c., 
a,  b,  c,  &c., 
it  may  be  exhibited  in  either  of  the  two  forms 

U  =  i'o+ri+r2+ &c.  +r^(. 
As  „         d  d  d        o 

so  let  d      ,  d         d       „ 

n  =a-r  -\-o^rr  +c-r-  +  &c. 
da         do         dc 

Then,  since  these  two  symbols  are  commutative  with  each  other, 
we  have 

$(V).^(n).U  =  ^(n).(|)(V).U, 
whence  the  theorem 
<X)(V).{^(0)?-o  +  ^(l)rj  +  &c.}=^(n).{$(0)Mo+<^(l)wi  +  &c.}. 

3.  Since  y,  z,  &c.  are  constant  relative  to  x,  and  therefore 

d     d    ^  ... 

-7-,  -J-,  ifcc.  commutative,  wntmg 

^-^'^ +^V  ^  ^'"-  ^'"^^  ""  ^^"• 

&c., 
we  have 

V(V-1)  =  V2, 
V(V-1)(V-2)  =  V3, 
&c., 
and  generally 

V(V-l)...(V-n  +  l)  =  V,^   ....     (3) 
K2 
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a  theorem  analogous  to  Professor  Boole^s 

a;D(AD-l)  .  .  .  (^D-n  +  l)  =  a"'D». 

As  an  example  of  the  operation  of  this  latter  symbol,  let  the 
subject  be  x",  and 

a^D(aD-l)  ...  (a;D-w+l).a7»  =  1.2.3...n.a:". 

To  which  we  have  the  coiTcsponding  theorem  for  homogeneous 
functions,  by  (1), 

V(V  — 1)  .  .  .  {V  —  m-\-l)  .ii,n  =  l  .2.S...m.u,n. 
As  a  second  example,  we  shall  seek  a  general  proof  of  a  theorem 
first  given  by  Euler,  namely, 

n{n-l)...{n-m  +  l)  ^      \d.v/     ^  \dy)        \(h) 

m  u  /B  y 

where  a  +  /S  +  y  +  &c.  =  m.     Now  as 

expanding  and  equating  the  coefficients  of  a'"  on  both  sides,  and 
then  condensing  by  the  formula  above, 

,JA.Y  y^fiY  ,y(iy 

V(V-l)...(V-m+l)  jr_^_\dJ     ^  \d;/J         \dzJ 
m  a  ^  y 

and  when  U=m„,  we  get  Euler^s  theorem. 

4.  Again,  as  the  symbol  xD  fm*nishes  solutions  of  the  class 
of  ordinary  differential  equations  represented  by 

A^.p+Bspfy+...=X, 
dx'^  dxp 

in  the  form 

y=Ft.^'D).X  +  F(a;D).0, 
where 

K.x'D{x'D-\)...{xJ)-x^\) 
F(a;D)=J  +B  .a^D(a;D-l)  . . .  (a;D-/3+ 1] 
^+  &c. 

in  like  manner  we  obtain  the  solutions  of  the  particular  class  of 
partial  differential  equations  represented  by 

J      d'^z  ,       d^z        a(«-l)        no     d'z       ,      \1 

^^v^ dxi^^'^'-^  ydx^-'diy  1.2  ''^  y dxii-hh/^")] 

+  &c. 
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where  ©  is  a  given  fimction  of  x  and  y,  in  the  form 

.-=F(V).©  +  F(V).0, (4) 

in  which 

F(V)  =  {Av(V-l)..(V-«  +  l)  +  BV(V-l)..(V-/S  +  l)  +  &c.}- 

and  in  which  the  value  of  the  first  teiTu  is  perfectly  definite^  and 
can  be  had  at  once  by  formula  (2).  It  appears,  then,  that  as  far 
as  equations  of  this  class  are  concenied,  the  numbei'  and  character 
of  the  arbitrary  functions  in  a  solution,  which  are  due  solely  to  the 
second  term,  are  unaffected  by  the  number  of  independent 
variables  which  the  equation  may  contain,  and  are  solely  de- 
pendent on  its  order. 

^^Tien  the  roots  of  the  equation 

A.V(V-l)...(V-a+l)+B.v(V-l)...(V-/3  +  l)  +  &c.=0 
are  all  real  and  unequal,  the  arbitrary  portion  of  the  solution  is 
of  the  form 

Urn  +  Un  +  Up  +  &C., 

m,  n,  p,  &c.  being  the  values  of  the  roots. 

T^Tieu  it  contains  «  equal  roots,  whose  common  value  is  m,  its 
form  is 

Um  {loga?  +  logy}«-i  +  Vm  •  {log^  +  logy  }«~^  +  &c.  +  m„  +  Up  +  &c., 

where  Um,  v,n,  &c.  are  different  arbitrary  homogeneous  functions 
of  the  same  degree.  Finally,  when  this  equation  contains  pairs 
of  imaginary  roots,  the  form  of  the  ai'bitrary  portion  of  the 
solution  is 

^'m  +  n,'~  +  Um-n  ^~l  +  &C.    +Up+  &C. 

5.  By  a  single  very  ob^'ious  reduction,  similar  to  the  first 
which  Legendre  has  employed  {Memoires  de  VAcademie,  1787) 
for  the  solution  of  the  corresponding  class  of  ordinary  differen- 
tial equations,  we  obtain  at  once,  by  the  method  of  the  last 
article,  the  solution  of  the  class  of  partial  differential  equations, 


{('''+^^)''£+«(»^+^r-'-(«+^y)^ 


+ 


1.2 


im  +  \cc] 


+ 


[n  +  \yf 


</*^ 


dxo^-^dy^ 


+  &c.J> 


+ 


1.2 


.  [m  +  \x)^- 
+  &c. 


,       ,   .      dPz 
^"^^y^d^^T^y 

^  ,g  d^Z  „ 


Un, 


without  the  necessity  of  any  further  transformation. 
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6.  As  au  example  of  this  method  of  solution  of  partial  dif- 
ferential equations,  let  it  be  required  to  find  the  integral  of 

x^r  -f  2xys  +  y^t —n{xp  '\-yq—z)-=0. 

When  thrown  into  the  symbolic  shape,  this  equation  becomes 

V(V-l)--n(V-l)^  =  0, 
and  the  solution  is  given  by 

.=  , 1 .o=JL,o+JiL.o, 

(V-n)(V-l)  V-w  V-1 

or  is  at  once,  including  N  and  N',  in  the  homogeneous  functions, 
which  are  given  in  degree  but  arbitrary  in  form, 

Z  —  Un+Uy^. 

As  a  second  example,  required  the  integral  of 
x-r  +  2xys  +  yH  =  ©^  +  ©„, 
where  0„,  0„  are  given  homogeneous  functions  in  x  and  y  of 
the  mth  and  7<th  degrees,  respectively.     Then 

^     {©„,+©„} +,,i  ,  .0, 


v(v-i)  "'    v(v-i; 

or,  by  (1), 

©^  ©„ 

"~  m(/n-l)  "^^^J^f)  +"o  +  Wu 

w^hich  is  the  required  solution. 

As  a  third  example,  let  the  integral  of  the  partial  differential 
equation  of  the  thu-d  order  in  three  independent  variables  x,  y,  2, 

g  d'^ii        3  d^u      ^  d^u 

-^^V^^^y+'  'd^z^'"'^  dW'^        )  J 

3 

*  If  n  =:  — -,  this  value  of  z  renders  the  integral 

m  —  i 

//{px-\-  qy—z)m  dxdy, 
a  maximum  or  a  minimum  within  certain  assigned  limits  ( Jellett's  CalciUus 
of  Vai'iations,  p.  253). 

In  general,  by  the  method  stated  above,  it  can  be  readily  seen  that  the 
form  of  the  function  w,  which,  for  certain  assigned  limits,  renders  the  sym- 
metrical multiple  integral  containing  p  independent  variables 

fdxfdyfdz  . .  \x-^  ^-y  —  +^  _  +  &c.  -w)   . 

a  maximum  or  a  minimum  is,  as  before, 

U-=W„-|-Mj, 

where 

»=-  ^^^. 
m  —  \ 
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be  investigated,  <!>„,  ^„  being  given  homogeneous  functions  in 
a;,  y,  z  of  the  mth  and  ntli  degrees,  respectively. 
The  required  solution  is 

^=  — 1 TT? ^TT  +  ~i TT7 oT+^o  +  ^i  +  ^2- 

7?2(?/i  — l)(w— 2)       n(?i  — l)(/i— 2) 

7.  Supposing  two  of  the  independent  variables  to  vanish  in 
the  last  example  and  one  in  each  of  the  preceding,  we  are  at 
once  fm-nished  with  the  solutions  of  the  following  ordinary  linear 
differential  equations : — 

^^^  =0c«"'  +%'*, 


1^-. 


x'--j%  ^ax^  +*y", 

dx^ 
which  are,  respectively, 
ax"^ 


dx 


x^  ^  — ^^^  +ny  =  0, 


y- 


m{m~l){m—2) 
ax^  bx^ 


+ 


bx" 


i{ri  —  l){n-2) 


+  Co+Cia;  +  C2**,  " 


+ 


^+Co  +  Ci.r, 


m(m— 1)       n{n—\) 
y  =  C^x^'  +  C^x. 

Now  it  must  be  remembered  that  the  solutions  given  by  the 
symbol  V  are  the  same  in  fomi,  no  matter  how  large  the  num- 
ber of  independent  variables  may  be.  For  instance,  the  solu- 
tion of 


cjCPw  ^d^w  ^d^w  „ 

^1  d^  +''^  d^  +^3  ^2  ^c 
J^     d^w        ^        d^w 
\  ^  ^dx^dx^        ^  ^dx^dx^ 


+  2\ 


+  &c. 


■  =  >I^«+^„    .   (a) 


is  exactly  the  same  in  form  as  that  of 


lely. 


dx^ 


+  2xy 


d^z 


dxdy      ^   dij 


+/t4=®'"  +  ®«; 


(*) 


^„ 


^„ 


(m-l)  '^  n{n-\)  +^o  +  ^,. 


the  only  difference  being  in  the  number  of  independent  variables 
contained  in  Uq,  n^. 

Hence,  in  order  to  find  the  form  of  the  integral  of  an  equation 
of  the  class  (a)  containing  any  number  n  of  independent  vari- 
ables, it  is  sufficient  to  have  found  the  form  of  the  integral  of  a 
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corresponding  equation  {b)  containing  any  l(nvcr  number  of  inde- 
pendent variables.  Hence  is  derived  the  following  conclusion, 
which  seems  to  be  of  some  importance. 

The  solution  of  an  ordinaiy  linear  diflferential  equation  of  the 
class  represented  by  (No.  4) 

A.r-  0  +b/^  +&c.  =ax'"+bx»  +&c.         .     .     (c) 

being  given,  we  can  at  once  write  down  the  solution  of  a  partial 
differential  equation  of  the  class  represented  by 

(d"-                      d"'  \  "1 

a"-^ +a**-'?/ —  4-&C.    ) 
dt''               '  dx'-^d,j  / 


dv"  ^  dx'^-^di/ 


=  ©,„+0,.  +  &c.  {d) 


da;^~^dy 
+  &c. 

by  substituting  for  ax^ ,  Ox",  Sec.  the  corresponding  known  ho- 
mogeneous functions  ©„,,  ©„,  kc.,  leaving  the  numerical  coeffi- 
cients introduced  by  the  process  of  integration  untouched,  and 
by  introducing  for  each  term  in  the  solution  of  the  ordinar}^  linear 
differential  equation  in  which  ati  ai'hitrary  constant  is  introduced, 
svich  as  C„,a'",  a  homogeneous  function  of  the  same  degree,  but  of 
arbitrary  form  in  x  and  y. 

Thus  the  solution  of  partial  differential  equations  of  the  class 
{d)  is  reduced  to  the  solution  of  the  corresponding  class  (c)  of 
ordinary  linear  differential  equations. 

8.  So  far  we  have  only  investigated  and  applied  the  analogue 
of  the  first  fundamental  principle  employed  by  Professor  Boole, 

.  f{T)).e-^'=f{m).e^-', 
namely, 

F(V).w,„=F(m).M,„. 

By  its  aid  we  have  been  enabled  to  obtain  the  solutions  of  a  very 
extensive  class  of  partial  differential  equations,  and  the  examples 
seem  to  show  that  the  method  possesses  both  generality  and 
flexibility. 

Let  us  proceed  to  investigate  the  analogue  of  the  second  fun- 
damental principle, 

/(D) .  e^'^o) =e'"^/(D  +  m)  .0), 

by  the  aid  of  which  many  results,  both  important  and  elegant, 
are  obtained  in  the  memoir  wiih  considerable  ease. 
Putting  x  =  e^,  it  becomes 


/(.r  ^)  .."'.=.'"  ./(.r^-h.«). 


ft). 
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and  at  a  glance  we  catch  the  proposed  analogue, 

r(v).0,„w=©,„.r(v+m).w,  ....    (5) 

where  ©„,  is  a  known  homogeneous  function  of  the  independent 
variables  of  the  mth  degree. 

This  result,  which  seems  to  afford  the  same  facilities  of  appli- 
cation to  the  subjects  of  partial  differential  equations,  and  mul- 
tiple definite  integrals,  as  the  elementary  theorem  to  those  of 
ordinary  differential  equations  and  single  definite  integrals,  is 
readily  proved  by  the  substitutions 

x=.e^,     y  =  e'^,  &c. ; 
since  then,  generally, 

V.UW=(^  +  ^  +  &c.).UW  =  U.VW  +  W.VU, 

and  in  this  particular  case, 

V.0^W  =  ©„,.{V  +  m).W. 

9.  By  the  same  substitutions  we  obtain  extensions  of  the  more 
general  theorems,  of  which  important  u^se  has  been  made  by 
Mr.  Hargreave  in  connexion  with  the  subject  of  the  integration 
of  linear  differential  equations*,  namely, 

<l>{'D).ua)  =  u.<f>{I>)co+  ^.<^'{D)a)+  ^  .  (f>"{D)w+ kc. 
and 

u<f>(D)co  =  (f>{J))ua)-(f>'{'D).u'a)  +  tr^.u"(o-kc., 

where  u  and  co  contain  6  and  D  is  -775.     These  extensions  are,  re- 

au 

spectively, 

<>(V).UW=U.<|)(V)W+  ^.^'(V)W+  ^.<l)"(V)W  +  &c.- 
and  y  (6) 

u.^(v)w=^(V).uw-5!iYl.vu.w-f^^-v°-u.w-&c.,^ 

where  U  and  W  are  now  fujictions  of  the  n  variables  x,  y,  z,  fee, 
and  V  is  the  symbol  before  employed. 

In  the  particular  case  in  which  U  is  homogeneous  and  of  the 
wth  degree,  or  in  which 

U  =  ®., 
we  fall  back  upon  the  case  discussed  in  the  last  number.     But 
the  two  equivalent  expansions, 

*  Philosophical  Transactions,  1848. 
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F(V).0,„W=e„|F(V)W+  y  .F(V)W-f  ^.F"(V)W  +  &c.} 

F(V).W©,„=0,„|F(;/O.W+l^).VW  +  l^^VnV  +  &c.J, 
which  are  in  reality  but  the  evolutions  of 

0,„.r(v+»ow, 

according  to  ascending  powers  of  m  and  V  respectively,  may 
possibly  not  have  occurred  to  the  reader,  and  are  brought  pro- 
minently forward  by  the  general  theorem. 

An  adequate  application  to  the  subject  of  partial  differential 
equations,  of  a  principle  corresponding  to  that  which  ]Mr.  Har- 
greave  has  employed  with  so  much  success  in  connexion  with  the 
subject  of  ordinary  differential  equations,  would  extend  the  pre- 
sent paper  much  beyond  due  limits,  and  offers  too  many  difficul- 
ties to  be  treated  of  within  a  confined  space.  It  will  be  suffi- 
cient, then,  to  endeavour  to  evolve  the  various  consequences  of 
the  more  simple  theorem  given  in  the  preceding  number. 

10,  By  the  aid  of  the  two  fundamental  principles  mentioned. 
Professor  Boole  has  shown  that  ordinary  differential  equations  of 
the  form 

ax"'  dxP 

may  always  be  reduced  to  the  form 

<^o(I>).«  +  </>i(D).eew  +  </).,(D).e20M4-&c.  =0. 

It  is  obvious  that  the  solutions  of  such  ordinaiy  differential 
equations  may,  then,  be  exhibited  in  the  shape 

r{</)o(D)+ey.(/>l(D  +  l)^-e20.<^,(D  +  2)+&c.}-^0 
u^X  + 

L{</)o(D)+e0.<^i(D  +  l)+e20.</>^2(D-|-2)-H&c.}-^O. 

Similarly,  the  solutions  of  partial  differential  equations  of  the 
form 

(0o  +  0,  +  &c.).^(V)^  +  (Ho+Hi+&c.).>I^(V)^  +  &c.  =  n 
can  be  exhibited  in  the  shape 

r{(0o+0i+&c.).<I>(V)  +  (Ho+Hi+&c.).^(V)+&c.}-'.fl 

+ 
4(0o+0i+&c.).<E>(V)  +  (Ho+Hi+&c.).^(V)  +  &c.}     .0. 
The  following  examples  will  illustrate  this  result. 
(I.)  A;/>  +  y5-(0^ +0n)^=O, 

zz^\ir..e^^~ , 
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(II.)  '^;'+y?-X:|:^^-^=o, 

11.  Again,  it  is  shown  in  the  same  memoir  that  the  solution 
of  ordinary  differential  equations  of  the  class 

u  +  af{D) .  emeu  +  bfij))  ./(D  -  m) .  e^mOu  +  &c.  =  0, 
is  reducible  to  the  solution  of  the  system  of  equations 
u-qJ{J))er»^u=0' 

&c. 

where  q^,  q<2,  &c.  are  the  roots  of  the  equation 
q''  +  aq"-^  +  bq''--+  &c.  =0. 

Similarly,  the  solution  of  the  class  of  partial  differential  equations 
represented  by 

^  +  A.F(V).e,„^  +  B.r(V).F(V-m).0f„^  +  &c.  =  O, 

is  reduced  to  the  solution  of  the  system 

&c.  J 

where  Q,^,  Qg,  &c.  are  the  roots  of  the  equation 
Q"  +  AQ'^-'+BQ"-'  +  &c.  =0. 
It  is  obvious  that  partial  differential  equations  of  the  class 

^  +  A(H),„.F(V)^  +  B©;„.F(V  +  »?).r(V>  +  &c.=0 

admit  of  a  similar  reduction. 

12.  It  remains  to  examine  the  application  of  the  general  prin- 
ciples to  the  subject  of  multiple  definite  integrals,  an  application 
of  which  they  are  obviously  svisceptible,  and  which  seems  to  open 
an  interesting  field  for  investigation.  It -would  be  impossible, 
however,  here  adequately  to  follow  up  such  an  inquiry  in  its 
details,  and  a  general  theorem,  with  its  application  to  tw^o  par- 
ticular cases,  must  for  the  present  suffice. 

If 

Jdxfdyfdz..n{xyz  &c.)  .a^^^^ ^'-^ . b^^''^' ^^•) . c^^^^^' ^'■\..  =  K, 

the  quantities  a,  b,  c,  &c.  being  unconnected  with  the  limits, 
then  will 

fdxJllypz..,a{xyzkc.)J{<l)+x+f+^c.).a'>>,b^.c'^...=¥{n).K 
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where,  as  before. 

This  is  obvious,  since,  from  the  supposition  made  relative  to 
a,  b,  c,  &c.,  we  can  operate  with  the  symbol  n  under  the  inte- 
gral signs.  It  will  be  observed  that 'the  result  bears  a  strong 
resemblance  to  Liouville's  well-known  extension  of  Dirichlet's 
integral. 

We  seem  to  have  here  made  a  step  towards  the  solution  of 
that  which  has  been  long  a  difficulty  in  the  treatment  of  miiltiple 
definite  integrals,  namely,  the  generalization  of  those  in  which 
the  ^•ariables  enter  as  complicated  Junctions  in  the  indices^  of  known 
quantities.  The  most  valuable  extensions  yet  obtained  are  those 
in  which  the  element  of  the  primary  multiple  definite  integral 
exhibits  the  variables  under  finite  forms  solely. 

We  shall  conclude  by  giving  the  two  particular  instances  of 
the  general  theorem  above  alluded  to.  It  can  be  easily  proved 
that 

CC  CO  00 

CdxCdyC dz  .a-'\b-y\c-''''-=^\'iT^-, ,-4-i n/ 

•^0  */o  »/o  8       {logflr.logo.logc}* 

hence 

00  00  00 

J^dxJ^dyrdz.'¥{x^  +  y'^  +  z'^)a-''\b-y\c-'='' 


8      *  '^  {loga.log6.logc}*' 

Again,  we  readily  see  that 


OC  QC 


dxl  dy     dz.a-P'.b-^y.c-''-.x'-Ky'"-\z''- 

0     c/  0     i7  0 

_  r(/)r(m)r(n)  i 


p^.q"'.r"         {log  a)'. (log  b)"' .  (log  c)"  ' 
and  hence 

QC  CK         00 

/  da;/  dyj  dz.  '^{px+ gy  +  rz)a-P\b-^y  .c-''\.r'-^ y"'~^z''-^ 
p'.q"'.r"  ^         '^(logrtr)'.(log6)"'.(logc)''' 
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XXI.  Mineralogical  Notes.     By  Edward  J.  Chapman,  Pro- 
fessor of  Mhuralogy  in  University  College,  London"^. 

UNDER  the  above  title,  it  is  the  intention  of  the  writer  to 
offer  from  time  to  time  a  series  of  remarks  and  investiga- 
tions on  subjects  relating  to  mineralogy. 

(1.)  CreJnerite. — If  we  allow  the  isomorphism,  atom  for  atom, 
of  silica  and  alumina,  and  through  alumina,  of  silica  and  the 
sesquioxides  geuerallyt,  Rammelsberg's  crednerite — the  man- 
gankupfererz  of  Ci*edncr — may  be  admitted  into  the  augite  group. 
The  cleavage  form  of  crednerite  is  certainly  monoclinic  ;  and  the 
angles,  so  far  at  least  as  they  can  be  estimated  in  the  specimens 
hitherto  obtained,  assimilate  to  those  of  the  augite  prism.  The 
minerals  of  the  aujrite  type  have  the  general  formula  3R0^ 
2 Si  0^,  which,  with  the  substitution  of  sesquioxide  of  manganese 
for  silica,  is  exactly  that  of  crednerite  as  deduced  by  Rammels- 
berg,  viz.  3(CuO,  BaO),  2^In-  0^.  A  proof  of  the  isomorphism 
of  Si  0^  aud  Mn'-  0^  is  afforded  by  the  manganese  garnets  and 
spinels,  and  more  particidarly  as  belonging  to  a  system  of  vari- 
able angles,  by  Yesuvian  and  Hausmannite. 

(2.)  Helvine. — The  helvine  in  the  classification  of  Mohs  bears 

the  name  of  tetrahedi-al  garnet ;  and  with  the  spinel  and  garnet 
group  it  must  in  fact  be  placed,  unless  it  stand  alone,  for  to  no 
other  type  amongst  the  sihcates  aud  their  isomorphs  can  it  be 
referred.  On  the  supposition  that  Si  0^  and  Mn"-  0^  are  iso- 
morphous,  and  that  sulphur  and  oxygen  are  equally  so,  the 
atomic  constitution  of  the  helvine  falls  into  the  common  garnet 
formula,  r-\-R.  The  composition  of  helvine,  for  instance,  as 
usuallyrepreseuted,  =  {^^^0^,Yt^Q^),  SiO^  +  2MuO,  SiO^+MuS. 
This  may  be  reduced  into  three  atoms  of  (MnO,  MnS),  and  three 
atoms  of  (R^  0^,  Si  0^) ;  or  into  equal  atoms  of  base  and  acid, 
r  +  R. 

(3.)  False  cleavage  in  Garnet. — A  small  garnet  in  the  author's 
possession,  from  the  Zillerthal,  exhibits  a  peculiar  and  interesting 
example  of  false  cleavage  in  relation  to  the  ciystalhne  structure 
of  metamorphic  rocks.  This  ganiet  is  a  combination  of  a  tra- 
pezohedrou,  ^0,  ^^ith  the  rhombic  dodecahedron;  and  entirely 
through  its  mass  run  Knes  of  false  cleavage,  parallel  to  the  clea- 
vage planes  of  the  mica-slate  in  which  it  is  imbedded. 

*  Communicated  by  the  Author. 

t  See  a  paper  bv  the  Author  on  the  isomor}ihous  relations  of  siHca  and 
alumina,  in  the  report  of  the  Britisii  Association  for  1850. 
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(4.)  Phenacite  and  Beryl. — Plicnacite  was  at  first  mistakeu 
for  quartz,  hence  the  derivation  of  its  name  ;  it  is,  however,  very 
closely  related  to  that  substance.  Both  quartz  and  phenacite 
are  hemihexagonal :  in  the  former,  the  relative  length  of  the  vei'- 
tical  axis  =1-095;  in  the  latter,  ()-5471 ;  so  that  the  common 
phenacite  rhombohedrou  =  ill  compared  to  the  quartz  form  as 
unity.  In  beryl,  again,  from  the  two  triaxial  pyramids  occasion- 
ally jn-esent  in  that  mineral,  we  obtain  for  the  relative  length  of 
the  vertical  axis  in  the  protaxial  form,  the  values  0"99G8  and 
0-4980.  The  first  is  in  close  accordance  with  that  of  the  prot- 
axial form  of  quartz. 

Phenacite  and  beryl  may  therefore  be  considered  members  of 
the  quartz  group,  in  whicli,  if  glucina  be  looked  upon  as  a  ses- 
quioxide,  there  can  be  no  difficulty  in  placing  them.  On  the 
other  hand,  if  the  formula  of  .glucina  be  written  BeO,  the  iso- 
mori)liism  of  3BeO  with  Si  0^,  and  the  sesquioxide  isomorphs  of 
the  latter,  must  be  allowed.  Of  the  other  glucina  compounds, 
the  chrysoberyl  may  re])resent  a  trimetric,  and  the  euclase  a 
monoclinic  quartz.  With  the  former  are  associated  staurolite, 
andalusite,  topaz,  &c.  Helvine,  as  shown  in  note  2,  belongs  to 
the  garnet  type. 

(5.)  Sphene  and  Epidote. — If  sphene  constitute  not  a  type  of 
its  own,  the  only  group  to  which  it  can  be  referred  is  that  of  the 
epidote  scries.  In  epidote,  the  general  formula — uniting  the 
Si  0^  and  R-  0^ — becomes  r^  R^.  In  sphene,  the  number  of 
atoms  =3CaO,  3Ti0"-,  2SiO'^;  and  by  uniting  the  acids,  we  ob- 
tain equally  with  epidote  the  formula  r^  R^. 

That  silica  and  the  sesquioxides  are  at  times  isomorphous  with 
titanic  and  stannic  acid,  we  have  evidence  in  the  isomorphism, 
on  the  one  hand,  of  idocrase,  hausmannite  and  anatase ;  and,  on 
the  other  hand,  of  zircon,  rutile  and  cassiterite.  All  of  these 
forms  belong  to  the  dimetric  system,  but  their  axial  relations 
separate  them  into  two  distinct  groups. 

(6.)  Chlorite  spar  and  Chloritoid. — These  minerals,  which 
closely  resemble  each  other,  may  be  looked  upon  as  allied  to 
epidote.  Chlorite  spar  is,  in  fact,  an  iron  epidote.  Erdmann's 
analysis  gives  in  atoms  3FeO,  3AF03,  2SiO^,  =  )^R^ 

The  chloritoid,  according  to  Bonsdorff's  analysis,  contains 
3R0,  2AF  0^  2Si  0^  3H^0.  If  we  admit  that  three  atoms  of 
water  may  replace  one  atom  of  silica,  or  of  alumina,  these  num- 
bers produce,  as  before,  the  formula  7-^R^.  It  may  be  remarked 
in  support  of  the  above  suggestion,  that  Rammelsberg  considers 
one  of  the  iolite  metamorphs — the  ])raseolite — to  be  an  iolite  in 
which  one  atom  of  silica  has  given  place  to  three  atoms  of  water. 
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(7.)  Wichtyne.  Minerals  of  the  Epidote  Type. — La^^rent's 
wiclitjiie^  the  wichtisite  of  Hausmaun,  appears  also  to  belong  to 
the  epidote  t^'pe — if  it  be  not  actiially  an  altered  variety  of  epi- 
dote. It  yields,  however,  by  Laurent's  analvsis,  SRO,  R'^  0^, 
4Si  03,  whilst  the  epidote  contains  3R0,  2R-  O^^  3Si  0^. 

The  epidote  t^-pe  may  thus  consist  of  the  following  minerals  : — 
allanite  or  orthite  (including  bagrationite,  &c.),  gadolinite,  epi- 
dote, sphene,  wichtyne,  chloritoid  and  chlorite  spar.  The  allan- 
ite and  epidote  are  strictly  isomorphous,  but  their  chemical 
forraulffi  are  bv  no  means  alike.  The  former  contains,  in  atoms, 
3R0,  Al-2  0^  2Si  03 ;  the  latter,  3R0,  .SR-  0^,  3Si  0^.  Isomor- 
phism,  therefore,  is  no  proof  of  kindred  composition,  or  some 
extended  hypothesis  must  be  adopted  to  meet  the  above  case.  If 
we  assume  that  3r=li? — id  est,  that  one  atom  of  sihca,  or  of  a 
sesquioxide,  =  three  atoms  of  RO — the  difficulty  vanishes,  and 
the  two  formulae  enter  of  course  under  one  common  term.  This 
hypothesis  is  necessarily  at  present  a  pm'ely  gratuitous  one,  ad- 
mitting, in  fact,  of  the  -nidest  licence,  and  consequently  of  the 
widest  abuse ;  but  unless  some  hypothesis  of  the  kind  be,  at 
least  provisionally,  adopted,  we  cannot  retain  our  existing  formulae 
and  eiFect  at  the  same  time  a  satisfactory  distribution  of  minerals. 
Every  fresh  observation  shows  the  insufficiency,  for  instance — 
even  if  convenience  plead  for  its  retention — of  the  division  of  the 
silicates  according  to  the  ox^'gen  relations  of  their  so-called  bases. 
Few  mineralogists  will  now  disallow  the  propriety  of  placing  truly 
vicarious  or  isomoi-phous  compounds  underthe  same  common  t)*pe; 
but  the  difficulty  lies  in  the  legitimate  employment  ofheterome- 
rous  isomorphism  as  a  classification-element.  That  heteromero- 
isomorjDhous  compounds  should  in  some  cases  be  placed  together 
and  in  others  be  kept  distinct,  is,  however,  sufficiently  endent ; 
the  grounds  of  union  or  separation  constitute,  therefore,  the 
question  at  issue.  Besides  ciystallization  characters,  three  other 
elements  should  here  be  looked  to ; — fii-st,  the  general  chemical 
nature  of  the  substance ;  secondly,  its  other  physical  characters ; 
and  thirdly,  its  circumstances  of  occurrence.  On  these  data  I 
would  place  phenacite  and  beiyl  with  quartz,  but  not  quartz  T\"ith 
chabasite ;  acmite  and  augite,  again,  togethei-,  but  not  augite 
with  borax.  Numerous  other  examples  will  readily  occur  to 
those  conversant  with  the  subject. 

(8.)  Chrome  Tourmalines. — Many  of  the  Siberian  tourmalines 
contain  a  small  amount  of  chromium,  probably  as  Cr^  0^.  Tliese 
specimens  are  generally  in  acicular  groups,  and  of  an  extremely 
fine  green  colour.  At  first  sight  they  might  be  mistaken  for 
actynolite;  and,  indeed,  a  specimen  which  I  examined  had  a 
label  attached  to  it  bearing  that  name.  H  =  7-0;  sp.  gr.  =3-181. 
Fusible. 
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(9.)  Detection  of  Manganese  in  Limestone  Rocks. — A  consi- 
derable nuuiber  of  limestone  rocks  contain  a  minute  proportion 
of  carbonate  of  manganese.  I  have  noticed  this  more  particularly 
in  the  darker  magnesian  limestones  of  the  Permian  epoch,  but 
also  in  various  other  limestones  of  diffci'cnt  ages  and  from  differ- 
ent localities.  The  common  blowpipe-test --fusion  with  carbonate 
of  soda — gcneralh'  of  so  delicate  an  appreciation,  here  fails,  even 
on  the  addition  of  nitre,  to  point  out  the  presence  of  manganese. 
This  is  owing  to  the  insolubility  of  the  limestone  in  the  carbo- 
nate of  soda.  If,  however,  a  very  small  quantity  of  borax  be 
added,  so  as  to  attack  and  dissolve  a  portion  of  the  mass,  the 
well-kno\^Ti  greenish-blue  enamel  is  quickly  produced. 

(10.)  Barytine. — The  ci-ystals  of  barytine  (BaO,  SO^)  from 
the  fuller's-earth  pits  in  the  greensand  formation  of  Nuttield, 
near  Bletchingly  in  Smrey,  possess  the  general  contiguration  of 
the  Cumberland,  Schemnitz,  and  other  ciystals  in  which  the 
basal  form  P  (OP  of  Naumann )  predominates.  The  forms  usually 
present  in  the  Nutlieid  crystals  are  the  prismatic  forms  P  and  1), 
and  the  diaxial  pyramidal  forms  A  A,  ^A,  and  E.  L,  A,  and  ^A 
are  occasionally  seen,  as  also  the  triaxial  forais  0,  \0 ;  but  the 
latter  are  in  general  veiy  minute. 

In    Naumann^s   notation,    P  =  OP,     L=  oo  P  oo,    D=  x  P, 

A  =  Poo,E  =  Px,0  =  P. 

D:D  =  101°42';  P:A=121°46';  P  :  iA=141°  4' 30"; 
P:1A  =  158^0'30";  P:}A  =  162°6'j  P:E127°15'; 
P:  0  =  115°  39'.     Axes:  V=l-315;  T=l;  F  =  0-8141. 

Viewed  in  regard  to  their  general  configuration,  the  crystals 
of  sulphate  of  baryta  fall  into  six  groups.  In  the  following 
tabular  arrangement,  the  a  ertical  axis  is  denoted  by  V,  the  frontal 
by  F,  and  the  transverse  (right  and  left  axis)  by  T. 

Group  1,  with  P  predominating. — The  crystals  of  this  group 
have  a  more  or  less  flattened  or  tabular  appearance.  Localities  ; 
Felsobanya,  Schcnniitz,  Freiberg,  Cumberland,  Xutfield,  &c. 

Group  2,  with  i  A  predominating. — Crystals  elongated  parallel 
to  axis  T.  Puy-de-donie,]Marienberg,  Przibram,  &c.  A  combi- 
nation frequently  met  ^\\l\\  in  trap  and  volcanic  districts. 

Group  3,  with  E  predominating. — Ciystals  elongated  parallel 
to  axis  F.     Puy-de-dome,  &c.     This  configuration  is  very  rare. 

Group  4,  with  P  and  E  predominating  conjointly. — These 
ciystals  are  also  elongated  in  general  along  the  frontal  axis,  and 
are  much  more  common  than  the  above.  Mies  in  Bohemia,  Frei- 
berg, Baden,  Lancasliire,  Nutfield,  Cheshire  in  Connecticut,  &c. 

Group  5,  with  .^A  and  E  predominating.— These  forms  pro- 
duce an  irregular  octahedron,  generally  elongated  along  the 
axis  F.     Puy-de-dome,  &c. 
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Group  6,  with  D  predominating. — Crystals  elongated  verti- 
cally. A  very  rare  configuration  principally  exhibited  by  a  few 
crystals  from  Siberia,  and  from  the  Siebeubirgen  district. 

The  most  common  forms  of  sulphate  of  baryta  are  P,  ^A,  and 
E.  D,  0,  and  L  are  also  of  frequent  occurrence,  but  they  are 
comparatively  of  small  size.  L  is  more  common  than  the  back 
and  front  monaxial  form  ^I :  the  two  are  not  often  found  in  the 
same  combination. 


XXII.   On  the  Electrical  Properties  of  Flame.     By  H.  Buff, 
Professor  of  Natural  Philosophy/  in  the  University  of  Giessen^. 

PROFESSOR  BUFF  commences  his  memoir  with  a  re\iew 
of  the  divergent  notions  at  present  existing  as  to  the  elec- 
tricity of  ilame ;  Becquerel  finds  electric  opposition  in  all  direc- 
tions in  flame,  which  depends  upon  the  difference  of  the  tem- 
perature of  the  metals  immersed  in  it ;  Pouillet  recognises  a 
motion  of  electricity  only  from  the  interior  to  the  exterior,  and 
hence  also  from  the  base  to  the  summit  of  the  flame  ;  according 
to  Hankelt,  however,  the  motion  of  the  electric  fluid,  at  least  in 
flames  obtained  by  the  ignition  of  spuit,  is  exactly  opposite,  and 
independent  of  the  temperature  of  the  inmiersed  conductor. 
To  solve  these  contradictions  was  the  object  of  the  present  in- 
vestigation. 

Two  small  strips  of  platinum  were  introduced  into  a  glass  tube 
closed  at  one  end;  they  were  separated  by  an  interval  of  1"5 
line  of  air.  The  air  within  the  tube  could  not  be  heated  to  a 
degree  sufficient  to  permit  the  electricity  of  two  of  DanielPs  cells 
to  pass  through  it.  When  the  glass  became  soft  by  heating,  and 
both  pieces  of  platinum  were  permitted  to  touch  it,  a  strong 
deflection  of  the  needle  of  a  galvanometer  was  the  consequence. 

A  porcelain  tube  two  feet  long  and  sLx  lines  wide  was  encom- 
passed with  glowing  coals,  and  air  was  drawn  slowly  through  it ; 
this  air  could  not  be  heated  so  as  to  allow  the  passage  of  the 
electricity  from  the  source  above  mentioned,  although  the  two 
platinum  wires  sunk  in  the  air  were  less  'than  a  line  apart,  and 
were  glowing  red. 

A  metal  web  was  placed  over  the  flame  of  a  spirit-lamp  ;  the 
flame  did  not  pass  through ;  over  the  web  the  platinum  strips 
were  held  a  line  apart — there  was  no  passage  of  electricity. 

The  galvanometer  used  in  these  experiments  was  extremely 
sensitive.  When  two  persons  who  were  connected  simply  by  the 

*  Annalen  der  Chemie  ttnd  Pharmacie.  vol.  Ixxx.  S.  1. 
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wooden  floor  touched  the  ends  of  the  wire  which  formed  the 
helix  of  the  instrument  with  different  metals,  a  deflection  of 
several  degrees  was  obtained.  The  two  cells  before  mentioned, 
when  connected  by  the  floor,  caused  a  deflection  of  25^.  The 
wooden  floor  was  thus  proved  to  be  an  incomparably  better  con- 
ductor than  air  heated  to  400^. 

When  the  strips  of  platinum  were  exposed  to  the  direct  action 
of  the  flame  of  a  spirit-lamp,  the  first  notice  of  the  passage  of 
electricity  was  obtained  when  they  were  placed  at  about  three 
inches  above  its  extreme  point,  and  began  to  show  sign.s  of  red- 
ness. The  deflection  increased  as  the  strips  were  lowered  into 
the  flame,  and  attained  its  maximum  at  a  small  distance  beneath 
the  point  of  the  cone  into  which  the  flame  shaped  itself.  "\Mien 
the  flame  was  strongest,  there  was  a  permanent  deflection  of  75°. 

In  these  experiments  care  was  taken  to  preserve  the  strips  of 
plathmm  as  nearly  as  possible  at  the  same  temperature.  The 
two  cells  were  removed,  and  the  electricity  of  the  flame  itself  was 
exhibited  when  the  two  strips  were  placed,  the  one  above  the 
other,  within  the  flame,  with  their  flat  surfaces  horizontal,  so 
that  they  assumed  different  temperatures.  The  flame-current 
passed  always  from  the  hottest  platinum  strip  through  the  sepa- 
rating interval  of  gas  to  the  other  strip. 

Another  attempt  was  made  to  ascertain  the  point  at  which 
heated  gas  permitted  the  passage  of  electricity.  In  the  centre 
of  the  flame  from  a  Berzelius's  lamp  is  a  cone-shaped  obscui'e 
mass  of  air  as  yet  unburned,  but  strongly  heated  by  its  vicinity 
to  the  flame ;  into  this  two  platinum  wires  connected  with  the 
two  cells  were  introduced  from  beneath ;  they  were  not  heated 
to  redness,  but  the  gas  nevei'theless  possessed  a  weak  capacity  of 
conduction.  An  approximation  to  the  blue  rim  of  the  flame 
showed  an  increase  of  conductive  power,  and  a  deflection  of 
several  degrees  was  obtained. 

^Yhen  in  this  case  one  of  the  wires  was  caused  to  approach 
the  blue  edge  of  the  flame,  while  the  other  remained  at  a  distance, 
a  deflection  of  1°  to  2°  was  obtained  after  the  removal  of  the 
two  cells ;  the  deflection  indicated  the  passage  of  a  current  from 
the  hotter  to  the  cooler  wire. 

The  aperture  through  which  the  air  passed  upwards  into  the 
flame  was  stopped,  and  thus  the  dark  interior  of  the  flame  be- 
came formed  of  the  vapour  of  alcohol  and  the  products  of  its 
decomposition;  two  isolated  platinum  wii'cs  were  introduced 
through  the  stopping-coi'k  into  the  central  space,  but  as  long  as 
they  were  kept  at  some  lines  distant  from  the  inflamed  portion 
no  trace  of  electricity  passed  from  one  to  the  other.  When  they 
were  caused  to  approach  the  burning  portion,  the  described  phse- 
nomena  exhibited  themselves.     In  this  case  also  a  current  was 
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observed  to  pass  from  the  warmer  to  the  less  warm  wire  through 
the  intervening  space  of  gas. 

-  The  author  concludes  from  these  experiments,  that  air  and 
other  gases,  when  heated,  and  thus  rendered  conductible,  excite 
electrically  bodies  plunged  in  them.  Gases  thus  range  them- 
selves in  the  same  list  as  other  conductors  of  electricity.  ^^  hen 
two  metallic  wires,  or  other  conductors  which  are  connected  at 
one  end,  are  brought  into  contact  with  a  sufficiently  heated  gas, 
we  have,  properly  speaking,  a  closed  circuit.  If  one  of  the 
places  of  contact  with  the  gas  be  more  strongly  heated  than  the 
other,  a  thermo-electric  current  is  the  necessaiy  consequence. 

There  is,  howevei',  another  source  of  electrical  excitation  in  the 
flame,  as  is  proved  by  the  follo^^dng  expermient : — One  platinum 
wire  was  introduced  into  the  obscure  centre  of  the  flame,  the 
other  was  brought  near  its  outer  surface  j  a  current  immediately 
exhibited  itself,  which  passed  through  the  flame  from  the  interior 
to  the  exterior  wire.  It  continued  to  pass  in  the  dn-ection  even 
after  the  outer  wire  had  attained  a  bright  red  heat,  while  the 
inner  one  glowed  but  feebly.  It  is  evident  that  the  thermo- 
current  which  would  have  passed  from  the  hotter  to  the  cooler 
vme,  was  in  this  case  overcome  by  a  current,  the  source  of  which 
was  the  place  of  contact  of  the  flame  and  the  air.  The  electricity 
here  developed  is  so  feeble,  that  the  condensing  electrometer 
is  better  suited  to  its  examination  than  the  multiplying  galva- 
nometer. It  is  easy  to  see,  obsenes  the  author,  how  experi- 
menters who  have  neglected  to  separate  these  two  sources  of 
excitation  may  have  arrived  at  contradictory  results. 

By  properly  connecting  a  platinum  wire,  which  was  dipped 
into  the  centre  of  the  flame,  with  a  condensing  plate,  the  latter 
became  charged  with  negative  electricity,  and  hence  the  author 
concludes  that  positive  electricity  is  given  off  by  the  oz</er  surface 
of  the  flame.  The  charging  here  is  exceedingly  slow,  and  can  be 
greatly  accelerated  when  a  second  wire,  which  is  connected  with 
the  other  plate  of  the  condenser,  is  held  over  the  flame. 

One  end  of  the  galvanometer  wire  was  connected  with  the 
platinum  wire  which  dipped  into  the  centre  of  the  flame,  the 
other  end  of  the  same  was  connected  with  the  earth.  The  cui'- 
rent  thus  obtained  was  too  feeble  to  cause  the  slightest  motion 
of  the  galvanometer  needle.  But  when  a  spacious  platinum  dish 
containing  water  was  brought  over  the  flame  and  connected  with 
the  other  end  of  the  galvanometer  wire,  it  required  no  very  sen- 
sitive instrument  to  demonstrate  the  existence  of  a  current. 

"  Hence,^'  observes  the  author,  "  as  the  strength  of  the  flame- 
current  by  an  equal  chemical  activity  and  equal  conduction  of 
the  inner  portion  of  the  flame  is  essentially  dependent  on  the 
■nature  of  the  conduction  from  its  upper  portion,  it  must  be  con- 
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jectured  that  the  formation  and  can-j'ing  away  of  carbonic  acid 
exercises  only  a  subordinate  influence  in  the  matter." 

Two  pieces  of  charcoal,  one  of  which  is  less  heated  than  the 
other  by  the  flame,  deport  themselves  exactly  as  a  pair  of  pla- 
tinum wires  under  the  same  circumstances.  Silver,  copper, 
brass  and  zinc,  have  been  also  examined,  all  of  which  exhibited 
the  same  electrical  deportment  as  platinum  when  bi'ought  into 
contact  with  heated  air. 

The  following  conclusions  are  drawn  from  the  experiments 
above  described : — 

1.  Gaseous  bodies  which  have  been  rendered  conductible  by 
strong  lieating  are  capable  of  exciting  other  conductors,  solid  as 
well  as  gaseous,  electrically. 

2.  When  a  thermo-electric  circuit  is  formed  of  air,  hydrogen 
or  carburcttcd  hydrogen,  alcohol  vapour,  charcoal,  or  finally  a 
metal,  whether  combustible  or  incombustible,  an  electric  current 
is  developed,  which  proceeds  from  the  hottest  place  of  contact 
through  the  air  to  the  less  wai*m  place. 

3.  The  development  of  electricity  which  has  been  observed  in 
processes  of  combustion,  and  particularly  in  flame,  is  due  to 
thermo-electric  excitation,  and  stands  in  no  immediate  connexion 
with  the  chemical  process. 

4.  The  products  of  combustion  do  not  therefore  by  any  means 
occupy  the  relation  to  the  burning  body  which  has  been  assumed 
by  Pouillet ;  if  positive  electricity  rises  with  the  ascending  gases, 
it  is  only  in  the  degree  in  which  the  burning  body  and  the  air 
exterior  to  the  place  of  combustion,  or  rather  exterior  to  the 
place  of  hottest  contact,  are  connected  by  a  proper  conductor. 
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A  Treatise  on  Problems  of  Maxima  and  Minima,  solved  by  Algebra. 
By  Ramchundra,  Teacher  of  Science,  Delhi  College.  Calcutta. 
8vo.   1850. 

n|"^HE  time  will  come  when  Hindu  antiquaries  will  search  out  the 
-*-  history  of  the  revival  of  algebra  in  their  country,  by  the  agency 
of  its  introduction  from  the  West.  It  will  then  perhaps  appear 
worthy  of  note,  that  one  of  the  earliest  native  attempts  to  write 
algebra  in  the  European  form  is  also  an  attempt  to  show  that  the 
domain  of  ]mre  algebra  can  be  extended,  without  prejudice  to  the 
superior  facility  of  the  differential  calculus  and  of  its  equivalents. 

The  author's  method,  in  general  terms,  is  as  follows  : — If  i^x  be 
a  function  of  the  nth  degree,  which  is  to  be  made  a  maximum  or 
minimum,  it  is  assumed  that  x"-~-\-ax"-'^-{- ...  is  a  divisor  of  -^x  —  r. 
The  division  being  made,  the  identification  of  the  remainder  with 
zero  leads  to  w  — 2  equations  between  the  n  —  \  quantities  r,  a,  &c. ; 
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and  the  quotient,  being  of  the  second  degree,  shows  the  value  of  r 
in  terms  of  a,  b,  &c.,  which  separates .  the  real  from  the  imaginary- 
roots.  This  value  is  the  maximum  or  minimum  required,  and  the 
equations  are  then  numerous  enough  to  determine  r  in  terms  of  the 
coefficients  of  -ix.  The  author  applies  this  method  to  cases  as  high 
as  the  sixth  degree,  with  quantities  of  two  terms,  and  then  takes 
various  problems  in  which  more  variables  than  one  are  found. 

If  it  were  given  to  one  of  our  mathematicians  to  make  hu'^ — afi  a 
maximum  without  any  use  of  hj-pothetical  increments  added  to  hy- 
pothetical values,  that  is,  without  any  use  of  the  principle  of  the 
differential  calculus,  he  would  soon  do  justice  to  the  ingenuity  of  the 
Delhi  teacher ;  and  this  though  he  might  smile  at  two  pages  of 
algebra  substituted  for  two  lines  of  the  higher  analysis.  But  the 
student  of  history  has  seen  the  use  of  compelling  investigative  power 
to  work  under  restrictions.  And  the  denial  of  tools  of  one  kind  has 
always  been  the  stimulus  to  the  improvement  of  others. 
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[Continued  from  p.  71-] 

Jan.  15,  r^HARLES  WHEATSTONE,Esq.,  F.R.S.,  delivered  the 
1852.     ^     Bakerian  Lecture,  "Contributions  to  the  Physiology 
of  Vision." — Part  II.  On  some  remarkable,  and  hitherto  unobserved, 
phenomena  of  Binocular  Vision. 

The  first  part  of  these  researches  was  communicated  to  the  Royal 
Society  in  1838,  and  published  in  the  Philosophical  Transactions  for 
that  year. 

The  second  part,  nov/  presented,  commences  with  an  account  of 
some  remarkable  illusions  which  occur  when  the  usual  relations 
which  subsist  between  the  magnitude  of  the  pictures  on  the  retinae 
and  the  degree  of  inclination  of  the  optic  axes  are  disturbed.  Under 
the  ordinary  circumstances  of  ^•ision,  when  an  object  changes  its 
distance  from  the  observer,  the  magnitude  of  the  pictures  on  the  re- 
tinae increases  at  the  same  time  that  the  inclination  of  the  optic  axes 
becomes  greater,  and  vice  versa,  and  the  perceived  magnitude  of  the 
object  remains  the  same.  The  author  wished  to  ascertain  what 
would  take  place  by  causing  the  optic  axes  to  assume  every  degree 
of  convergence  while  the  magnitude  of  the  pictures  on  the  retinae 
remains  the  same;  and,  on  the  other  hand,  the  phenomena  which 
would  be  exhibited  by  maintaining  the  inclination  of  the  optic  axes 
constant  while  the  magnitude  of  the  pictures  on  the  retinae  continu- 
ally changes.  To  effect  these  purposes,  he  constructed  a  modification 
of  his  reflecting  stereoscope  ;  in  this  instrument  two  similar  pictures 
are  placed,  on  moveable  arras,  each  opposite  its  respective  mirror; 
these  arms  move  round  a  common  centre  in  such  manner  that,  how- 
ever they  are  placed,  the  reflected  images  of  each  picture  in  the  mir- 
rors remains  constantly  at  the  same  distance  from  the  eye  by  which 
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it  is  viewed  ;  the  pictures  are  also  capable  of  sliding  along  these  arms, 
so  that  they  may  be  simultaneously  brought  nearer  to,  or  removed 
further  from,  the  mirrors.  When  the  pictures  remain  at  the  same 
distance  and  the  arms  are  removed  round  their  centre,  the  reflected 
images,  while  their  distances  from  the  eyes  remain  unchanged,  are 
displaced,  so  that  a  diflferent  inclination  of  the  optic  axes  is  required 
to  cause  them  to  coincide.  When  the  arms  remain  in  the  same 
positions  and  the  pictures  are  brought  simultaneously  nearer  the 
mirrors,  the  reflected  images  are  not  displaced,  and  they  always  co- 
incide with  the  same  convergence  of  the  optic  axes ;  but  the  mag- 
nitude of  the  pictures  on  the  retincE  becomes  greater  as  the  pictures 
approach.  The  experimental  results  afforded  by  this  apparatus,  so 
far  as  regards  the  perception  of  magnitude,  are  the  following:  the 
pictures  being  placed  at  such  distances,  and  the  arms  moved  to  such 
positions,  that  the  binocular  image  appears  of  its  natural  magnitude 
and  its  proper  distance,  on  the  arms  being  moved  so  as  to  occasion 
the  optic  axes  to  converge  less,  the  image  appears  larger,  and  on 
their  being  moved  so  as  to  cause  the  optic  axes  to  converge  more, 
the  image  appears  less ;  thus,  while  the  magnitude  of  the  pictures 
on  the  retinae  remains  constantly  the  same,  the  perceived  magnitude 
of  the  object  varies,  througli  a  very  considerable  range,  with  every 
degree  of  the  convergence  of  the  optic  axes.  The  pictures  and  arms 
l.eing  again  placed  so  that  the  magnitude  and  distance  of  the  object 
uppear  the  same  as  usual,  and  the  arms  being  fixed  so  that  the  con- 
vergence of  the  optic  axes  does  not  change ;  while  the  pictures  are 
brought  nearer  die  mirrors  the  perceived  magnitude  of  the  object  in- 
creases, and  it  decreases  when  they  are  removed  further  oflf;  thus, 
while  the  inclination  of  the  optic  axes  remains  constant,  the  per- 
ceived magnitude  of  the  object  varies  with  every  change  in  the  mag- 
nitude of  the  ])ictures  on  the  retinae.  After  this  the  author  takes 
into  consideration  the  disturbances  produced  in  our  perception  of 
distance  under  the  same  circumstances,  and  concludes  that  the  facts 
thus  experimentally  ascertained  regarding  the  perceptions  of  magni- 
tude and  distance,  render  necessary  some  modification  in  the  pre- 
valent theorj'  regarding  them. 

The  author  next  reverts  to  the  stereoscope  and  its  efi'ects.  He 
recommends  the  original  reflecting  stereoscope  as  the  most  efficient 
instrument,  not  only  for  investigating  the  phenomena  of  binocular 
vision,  but  also  for  exhibiting  the  greatest  variety  of  stereoscopic 
effects,  as  it  admits  of  every  required  adjustment,  and  pictures  of 
any  size  may  be  placed  in  it.  A  very  portable  form  of  this  instru- 
ment is  then  desciibed,  and  also  a  refracting  stereoscope  suited  for 
Daguerreotypes,  and  small  pictuies  not  much  exceeding  the  width 
between  the  eyes.  In  the  latter  instrument  the  jnctures  are  placed 
side  by  side  and  viewed  through  two  refracting  prisms  of  small 
angle  which  displace  the  pictures  laterally,  that  on  the  right  side 
towards  the  left,  and  that  on  the  left  side  towards  the  right,  so  that 
they  appear  to  occupy  the  same  place.  When  the  first  part  of  these 
investigations  was  published  the  photcgra]ihic  art  was  unknown, 
and  the  illustrations  of  the  stereoscope    were  confined  to  outline 
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and  shaded  perspective  drawings  ;  when,  however,  in  the  succeeding 
year,  Talbot  and  Daguerre  made  their  processes  known,  Mr.  Wheat- 
stone  was  enabled  to  obtain  binocular Talbotypes  and  Daguerreotypes 
of  statues,  buildings,  and  even  portraits  of  living  persons,  which, 
when  presented  in  the  stereoscope,  no  longer  appeared  as  pictures, 
but  as  solid  models  of  the  objects  from  which  they  were  taken.  This 
application  was  first  announced  in  1841. 

The  two  projections  of  an  object,  seen  by  the  two  eyes,  are  dif- 
ferent according  to  the  distance  at  which  it  is  viewed ;  they  become 
less  dissimilar  as  that  distance  is  greater,  and,  consequently,  as  the 
convergence  of  the  optic  axes  becomes  less.  To  a  particular  distance 
belongs  a  specific  dissimilarity  between  the  two  pictures,  and  it  is 
a  point  of  interest  to  determine  what  would  take  place  on  viewing  a 
pair  of  stereoscopic  pictures  with  a  different  inclination  of  the  optic 
axes  than  that  for  which  they  were  intended.  The  result  of  this 
inquiry  is,  that  if  a  pair  of  very  dissimilar  pictures  is  seen  when  the 
optic  axes  are  nearly  parallel,  the  distances  between  the  near  and 
remote  points  of  the  object  appear  exaggerated  ;  and  if,  on  the  other 
hand,  a  pair  of  pictures  slightly  dissimilar  is  seen  when  the  optic 
axes  converge  very  much,  the  appearance  is  that  of  a  bas-relief. 
As  no  disagreeable  or  obviously  incongruous  effect  is  produced  when 
two  pictures,  intended  for  a  nearer  convergence  of  the  optic  axes, 
are  seen  when  the  eyes  are  parallel  or  nearly  so,  we  are  able  to  avail 
ourselves  of  the  means  of  augmenting  the  perceived  magnitude  of 
the  binocular  image  mentioned  at  the  commencement  of  this  abstract. 
For  this  purpose  the  pictures,  placed  near  the  eyes,  are  caused  to 
coincide  when  the  optic  axes  are  nearly  parallel ;  and  the  diverging 
rays  proceeding  from  the  near  pictures  are  rendered  parallel  by 
lenses  of  short  focal  distance  placed  before  the  mirrors  or  prisms  of 
the  stereoscope. 

Some  additional  observations  were  next  brought  forward  respect- 
ing those  stereoscopic  phenomena  which  the  author,  in  his  first 
memoir,  called  "  conversions  of  relief."  They  may  be  produced  in 
three  different  ways  : — 1st,  by  transposing  the  pictures  from  one  eye 
to  the  other ;  2ndly,  by  reflecting  each  picture  separately,  without 
transposition ;  and  3rdly,  by  inverting  the  pictures  to  each  eye  se- 
parately. The  converse  figure  differs  from  the  normal  figure  in  this 
circumstance,  that  those  points  which  appear  most  distant  in  the 
latter,  are  the  nearest  in  the  former,  and  vice  versd. 

An  account  is  then  given  of  the  construction  and  effects  of  an 
instrument  for  producing  the  conversion  of  the  relief  of  any  solid 
object  to  which  if  is  directed.  As  this  instrument  conveys  to  the 
mind  false  perceptions  of  all  external  objects,  the  author  calls  it  a 
Pseudoscope.  It  consists  of  two  reflecting  prisms,  placed  in  a  frame, 
with  adjustments,  so  that,  when  applied  to  the  eyes,  each  eye  may 
separately  see  the  reflected  image  of  the  projection  which  usually 
falls  on  that  eye.  This  is  not  the  case  when  the  reflexion  of  an 
object  is  seen  in  a  mirror;  for  then,  not  only  are  the  projections 
separately  reflected,  but  they  are  also  transposed  from  one  eye  to 
the  other,  and  therefore  the  conversion  of  relief  does  not  take  place. 
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The  pseudoscope  being  directed  to  an  object,  and  adjusted  so  that 
the  object  sliall  appear  of  its  proper  size  and  at  its  usual  distance, 
the  distances  of  all  other  objects  are  inverted  ;  all  nearer  objects  ap- 
pear more  distant,  and  all  more  distant  objects  nearer.  The  con- 
version of  relief  of  an  object  consists  in  the  transposition  of  the 
distances  of  the  points  which  compose  it.  With  the  pseudoscope 
\ve  have  a  glance,  as  it  vere,  into  another  visible  world,  in  which 
external  objects  and  our  internal  perceptions  have  no  longer  their 
habitual  relations  with  each  other.  Among  the  remarkable  illusions 
it  occasions,  the  following  were  mentioned.  The  inside  of  a  tea- 
cup appears  a  solid  convex  body  ;  the  effect  is  more  striking  if  there 
are  painted  figures  within  the  cup.  A  china  vase,  ornamented  with 
coloured  flowers  in  relief,  appears  to  be  a  vertical  section  of  the  in- 
terior of  the  vase,  with  painted  hollow  impressions  of  the  flowers. 
A  small  terrestrial  globe  appears  a  concave  hemisphere ;  when  the 
globe  is  turned  on  its  axis,  the  appearance  and  disappearance  of 
different  portions  of  the  map  on  its  concave  surface  has  a  very  sin- 
gular effect.  A  bust  regarded  in  front  becomes  a  deep  hollow 
mask  ;  when  regarded  en  profile,  the  appearance  is  equally  striking. 
A  framed  picture,  hung  against  a  wall,  appears  as  if  imbedded  in  a 
cavity  made  in  the  wall.  An  object  placed  before  the  wall  of  a  room 
appears  behind  the  wall,  and  as  if  an  aperture  of  the  proper  dimen- 
sions had  been  made  to  allow  it  to  be  seen ;  if  the  object  be  illumi- 
nated by  a  candle,  its  shadow  appears  as  far  before  the  object  as  it 
actually  is  behind  it. 

The  communication  concludes  with  a  variety  of  details  relating  to 
the  conditions  on  which  these  phenomena  depend,  and  with  a  de- 
scription of  some  other  methods  of  producing  the  pseudoscopic 
appearances. 
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ON    M.  GILLARD^S    LIGHT    FOR    ILLUMINATION    OBTAINED    FROM 
THE   BURNING  OF  HYDROGEN.       BY  B.  SILLIMAN,  JUN. 

V\7E  have  had  an  opportunity  of  seeing  the  successful  application  of 
*  *  M.  Gillard's  jiatent  in  the  extensive  silver  plate  works  of  Messrs. 
Christolef  in  Paris.  It  is  well  known  that  M.  Gillard  claims  the  pro- 
duction of  a  useful  light  and  great  heat  from  the  combustion  of  hy- 
drogen in  contact  with  a  coil  of  platinum  wire,  the  hydrogen  being 
produced  by  the  decomposition  of  water.  The  apparatus  employed 
is  very  simple,,  and  consists  essentially  of  one  or  more  cylinders  of 
iron  arranged  horizontally  in  a  furnace  similar  in  all  respects  to  the 
usual  arrangement  for  the  production  of  coal-gas.  The  retorts  are 
charged  with  wood-charcoal  reduced  to  small  fragments  of  uniform 
size  and  heated  to  an  intense  degree.  Through  each  of  tlie  retorts 
steam  is  conducted  in  a  tube  pierced  with  numerous  very  minute 
holes  so  disposed  as  to  distribute  the  steam  in  a  uniform  and  very 
gradual  manner  over  the  heated  coal.    The  boiler  for  the  production 
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of  the  steam  is  conveniently  situated  in  the  same  furnace  employed 
for  heating  the  retorts.  Decomposition  of  water  ensues  of  course, 
accompanied  with  the  production  of  carbonic  acid  (CO-),  carbonic 
oxide  (CO)  in  small  quantity,  of  free  hydrogen  and  a  limited  quan- 
tity of  light  carburetted  hydrogen  gas  (C'-H).  The  mixture  of  these 
gases  is  conducted  through  a  lime  purifier  to  remove  carbonic  acid, 
and  without  further  washing  or  purification  the  product  is  ready  for 
use.  Consisting  almost  wholly  of  hydrogen  gas,  the  flame  of  its  com- 
bustion is  of  course  very  feebly  luminous ;  to  obviate  this  ditficulty, 
it  is  burned  in  contact  with  a  cage  or  network  of  platinum  wire- 
gauze  surrounding  an  ordinary  Argand  burner,  protected  by  a  glass 
chimney.  This  simple  contrivance  (so  well  knoAvn  in  the  lecture - 
room)  is  perfectly  successful,  and  the  light  given  out  from  gas  lamps 
of  this  construction  is  extremely  vivid  and  constant. 

This  invention  claims  the  following  advantages  in  practice  : — 1 .  The 
gas  so  produced  is  cheaper  than  any  other  mode  of  artificial  light, 
costing,  as  is  asserted  bA'  M.  Gillard,  and  sustained  by  the  ample  ex- 
perience of  ]\I.  Christolef,  only  about  y^th  the  average  cost  of  coal- 
gas.  2.  The  gas  has  no  unpleasant  odour,  being  entirely  free  from 
the  volatile  hydrocarbons  which  are  so  j)eculiarly  oftensive  in  oil  and 
coal-gas.  3.  The  products  of  its  combustion  are  almost  solely  water, 
so  little  carbonic  acid  resulting  in  the  combustion,  that  practically  it 
may  be  disregarded.  4.  This  mode  of  producing  gas  may  be  applied 
to  any  existing  gas-works  by  a  slight  modification  of  the  retorts,  and 
without  any  essential  change  in  other  portions  of  the  apparatus,  the 
platinum  cages  being  applied  to  the  Argand  burners.  5.  The  cheap- 
ness of  this  mode  enables  us  to  apply  it  with  great  advantage  as  a 
fuel  for  cooking  and  for  numerous  purposes  in  the  arts.  For  example, 
we  saw  in  the  establishment  of  M.  Christolef,  the  soldering  of  silver 
plate  accomplished  in  a  rapid  and  remarkably  neat  manner  by  a  pow- 
erful jet  of  this  gas,  driven  by  a  pneumatic  apparatus.  Its  perfect 
manageableness,  the  ease  with  M'hich  an  intense  heat  is  applied  lo- 
cally and  immediately  when  it  is  wanted,  coupled  with  advantages 
of  employing  for  such  a  purpose  so  powerful  a  deoxidizing  agent  as 
hydrogen,  render  this  mode  of  soldering  preferable  to  every  other, 
and  peculiarly  suited  for  the  process  of  autogenous  soldering.  6.  The 
nuisances  resulting  from  the  presence  of  large  coal-gas  works  in  po- 
pulous districts  are  entirel}-  avoided  by  this  mode,  which  is  as  free 
from  objection  as  a  steam-engine.  7.  The  arrangements  are  so 
simple  and  inexpensive,  that  ever}'  establishment,  where  it  is  desired 
to  employ  light  and  heat,  may  erect  its  own  apparatus  even  in  the 
most  isolated  situation,  all  the  materials  employed  being  everywhere 
accessible. 

It  is  understood  that  M.  Gillard  has  secured  his  patent  in  the 
United  States,  and  it  is  presumed  that  his  method  will  soon  be  prac- 
tically tested  there. 

We  merely  add  that  the  result  of  M.  Gillard's  invention  in  one 
particular  differs  from  the  anticipation  of  chemists  ;  that  is,  we  should 
expect  from  the  decomposition  of  water  in  this  mode  the  production 
of  carbonic  oxide  CO,  carbonic  acid  CO-,  and  light  carburetted  hy- 
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drogen  C  H,  with  a  limited  amount  of  free  hydrogen.  The  result 
of  his  experience,  however,  seems  to  establish  the  statements  already- 
made,  as  may  be  seen  in  a  report  of  the  Commissioner  of  the  Society 
for  the  Encouragement  of  Industrj',  &c.,  to  whom  the  subject  was 
referred. — Silliman's  Journal,  September  1851. 


ON  THE  CRYSTALLIZATION   OF  SULPHUR.       BY  CH.  BRAME. 

Since  the  time  that  Mitscherlich  demonstrated  that  melted  sulphur 
crystallized  in  oblique  rhombic  prisms,  and  confirmed  Hauy's  state- 
ment that  sulphur,  dissolved  in  bisulphuret  of  carbon,  crystallized 
out  in  rhombic  octohedrons,  the  opinion  has  been  entertained  that 
sulphur  crystallizes  in  oblique  prisms  after  melting,  in  octohedrons 
with  a  rhombic  base  from  a  solution,  and  that  the  prismatic  sulphur 
becomes  opake  on  account  of  the  gradual  assumption  of  the  octohe- 
dral  structure. 

The  author  now  shows  in  his  paper  that  rhombic  octohedrons  are 
produced  by  the  influence  of  mechanical  subdivision,  the  removal  by 
means  of  steam  of  several  bodies  which  also  act  mechanically  upon 
melted  sulphur.  A  temperature  of  122°  F.  produces  them  in  the 
utricles  of  sulphur  (utricules  de  soufre).  At  212°  F.  small  soft 
utricles  (dendrites)  are  converted  into  rhombic  octohedrons,  as  well 
as  a  part  of  the  vesicles. 

On  the  contrar)',  prismatic  plates  are  always  formed,  however 
thin  the  stratum  of  melted  sulphur  may  be  ;  as,  for  example,  that 
which  is  deposited  upon  a  glass  plate  when  sulphur  vapour  at  392°  F. 
condenses  slowly.  These  crystals  are  generally  right  rhombic 
prisms  ;  but  as  soon  as  the  stratum  becomes  only  a  little  thicker, 
the  crystals  obtained  are  oblique  rhombic. 

According  to  the  author,  sulphur  crystallizes  in  oblique  prisms 
from  the  melted  state  only  when  an  excess  of  fluid  sulphur  is  present, 
however  thin  the  stratum  may  be.  In  the  opj)Osite  case,  the  true 
or  modified  octohedron  ])resents  itself. 

By  subdivision  the  melted  sulphur  may  be  separated  into  a  multi- 
tude of  minute  drops,  which  from  solidifying  upon  the  surface  become 
covered  with  a  more  or  less  thick  crust.  If  this  is  very  thin, 
the  drops  of  sulphur  are  converted  into  utricles.  If  it  is  thicker, 
the  sulphur  drops  are  more  or  less  regularly  flattened  by  pressure,  and 
there  results  instead  of  an  utricle  a  flattened  drop  with  a  quadratic 
basis,  which  is  or  is  not  modified  at  its  corners,  and  appears  altogether 
like  a  considerably  modified  rhombohedron.  The  extremely  thin 
coats  of  melted  sulphur  which  are  obtained  by  vaporization  appear 
to  ex})lain,  by  their  behaviour  described  above,  how  it  is  that  any 
given  pressure  acts  :  it  always  produces  a  right  rhombic  prism.  The 
rhombic  octohedron  appears,  on  the  contrary,  to  be  formed  when 
that  crust  has  become  so  thick  that  it  is  capable  of  resisting  the 
pressure  ;  and  then  there  is  a  pressure  upon  the  interior  mass,  and 
a  contrary  pressure  upon  the  interior  surface  of  the  drop ;  the  cry- 
stalline form  M-hich  is  assumed  under  such  conditions  is  the  rhombic 
octohedron. 
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The  author  does  not  consider  that  it  may  be  admitted  as  proved, 
that  the  sulphur  becomes  opake  on  account  of  the  transition  of  the 
oblique  prisms  into  rhombic  octohedrons.  Pasteur  did  not  find  any 
octohedrons  among  the  fragments  of  prisms  which  had  been  formed 
from  sulphur  in  solution  ;  and  the  author  found  that,  in  consequence 
of  the  crystallization  of  the  utricles,  octohedrons  might  be  contained 
in  the  oblique  rhombic  prisms  which  are  obtained  from  sulphur  by 
melting.  Therefore  -when  octohedrons  are  found  in  prisms  of  sul- 
phur, they  have  originated  from  previously  formed  utricles,  and  do 
not  indicate  a  transition  of  the  oblique  rhombic  prism  into  the 
rhombic  octohedron. — Comptes  Rendus,  vol.  xxxiii.  pp.  338-540. 


OX  THE  ELECTRO-MAGNETIC  MOTOR  OF  FESSEL. 
BY  M.  PLUCKER. 

It  is  known  that  Mr.  Page,  a  physicist  in  North  America,  has 
recently  endeavoured  to  produce  a  motive  power  by  an  extended 
application  of  the  force  which  attracts  a  mass  of  iron  within  an  elec- 
tro-magnetic helix.  Th.  Hankel  of  Leipzic  has  made  the  same 
attempt,  and  has  established  an  important  practical  law,  namely, 
that  this  force  is  as  the  square  of  the  power  of  the  current.  M.  Fessel 
has  on  his  part  constructed  a  model  of  a  machine  at  my  request,  the 
value  of  which  I  am  not  for  the  moment  able  to  appreciate  in  case 
it  were  made  on  a  large  scale,  but  which  as  a  piece  of  physical  ap- 
paratus explains  and  clears  up  the  application  of  the  force  in  question. 

The  model  of  Fessel  is  formed  of  two  helices  placed  end  to  end 
in  a  horizontal  position.  They  serve  to  conduct  the  current  always 
in  the  same  direction,  but  in  such  a  way  that  it  traverses  alternately 
each  of  the  two  helices,  and  consequently  only  one  at  a  time.  In 
the  interior  of  the  helices  is  a  bar  of  iron,  which  is  alternately 
attracted  from  the  one  into  the  other  by  constantly  maintaining  the 
same  polarity,  and  which  thus  executes  a  motion  backwards  and 
forwards.  To  the  two  extremities  of  the  bar  are  fixed  two  slender 
horizontal  shanks  of  brass,  which  rest  upon  two  pulleys  attached  to 
the  two  extremities  of  the  apparatus,  and  which  thus  support  the 
whole  weight  of  the  iron.  One  of  these  shanks  sets  a  wheel  in 
motion.  A  commutator  is  moved  by  an  excentric  by  means  of  a 
directing-rod,  which  is  placed  so  as  to  be  able  to  make  the  machine 
move  backwards  and  forwards  as  in  steam-vessels.  In  one  of  the 
macliines  the  commutator  has  been  fixed  immediately  to  the  axis. 

Two  couples  of  Grove's  cells  are  sufficient  to  communicate  to  this 
apparatus  a  great  rapidity.  "With  six  couples,  the  rapidity  became 
such  that  it  threatened  to  break  the  apparatus ;  and  fearing  this,  I 
stopped  the  passage  of  the  current. 

I  have  just  received  from  him  the  news  that  he  has  nearly  com- 
pleted the  construction  of  a  new  apparatus,  in  which  he  has  replaced 
the  pulleys  by  oscillating  shanks  of  metal  rod,  similar  to  the  os- 
cillating cylinders  of  the  steam-engines. — Bihliotheque  Universelle  de 
Geneve,  December  18.51. 
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ox  THE  PRESENT  CONDITION  OF  VESUVIUS. 
BY  B.  SILLiMANj  JUN. 

The  eruption  of  Vesuvius  in  February  1850,  and  that  of  the  year 
previous,  entirely  changed  the  summit  features  of  this  ancient  moun- 
tain of  fire.  The  former  crater  disaj)peared,  being  filled  with  scoria 
and  ashes,  while  two  craters  now  occupy  the  summit  of  the  cone. 
The  deepest  and  most  active  of  these  is  that  of  February  1850,  which 
is  situated  on  the  side  of  the  cone  nearest  to  Pompeii.  It  is  some- 
W'hat  lower  and  has  a  much  greater  depth  than  its  immediate  neigh- 
bour, which  is  on  the  side  of  the  bay  of  Na])lcs.  "We  had  no  means 
of  measuring  its  depth  accurately,  but  judging  from  the  time  re- 
quired for  the  returning  sound  of  a  stone  cast  into  its  mouth,  as  well 
as  from  inspection  and  comparison,  we  assumed  the  depth  of  the 
new  crater  to  be  from  800  to  1000  feet.  It  is  acutely  funnel-shaped 
at  an  angle  of  not  less  than  60°.  It  is  impossible,  because  of  the 
steam  and  vapours  of  sulphurous  acid,  to  see  its  bottom,  even  if  not 
prevented  by  the  danger  of  the  descent  to  a  position  where  one 
might  hope  to  catch  a  glimpse  of -its  bottom.  Its  activity  at  present 
is  confined  to  the  emission  of  vapour,  and  even  this  seems  at  times, 
when  viewed  from  the  sea,  to  be  wanting.  On  the  summit,  how- 
ever, these  vapours  appear  dense  enough  and  are  sufficient  to  pre- 
vent the  possibility  of  making  the  entire  circuit  of  the  crater.  From 
this  cause  we  were  unable  to  examine  the  lip  dividing  the  crater  of 
1850  from  its  neighbour.  The  observer  is  much  struck  not  only 
with  the  change  of  form  in  the  summit,  as  shown  by  the  drawings 
of  Prof.  Scacchi,  but  also  with  the  sharpness  of  the  lip  of  both  cra- 
ters, which  is  such  that  it  is  hardly  possible  for  more  than  two  per- 
sons to  stand  abreast  upon  it.  During  the  late  eruption,  the  lava 
found  vent  from  the  base  of  the  cone  on  a  level  with  the  sand  plain 
which  fills  the  ancient  crater  of  Somma.  It  here  ])oured  out  a  tor- 
rent of  scoriaceous  red  lava  through  a  well-defined  canal.  This  is 
now  entirely  cold,  and  we  collected  from  its  sides  abundant  speci- 
mens of  aphthitalite,  w'hich  frosted  over  the  rugged  cavern  like  snow. 
Near  this  spot  also  are  two  fumeroles,  formed  during  the  last  erup- 
tion ;  the  largest  about  25  feet  high,  with  an  aperture  of  near  ten 
feet,  its  outer  walls  black,  rugged  and  forbidding.  'I'he  flow  of  lava 
from  the  eruption  of  1849  was  in  the  direction  of  the  ancient  Pom- 
peii, and  it  was  copious  enough  to  destroy  a  small  village  with  its 
vineyards  at  the  distance  of  several  miles.  The  king  of  Naples  has 
since  erected  a  new  village  for  the  unfortunate  inhabitants  near  the 
site  of  the  former  one. 

During  the  past  six  years  the  king  of  Naples  has  also  constructed 
a  carriage  road  up  the  side  of  Vesuvius  as  far  as  the  Hermitage, 
where  he  has  a  Royal  Meteorological  Observatory,  under  the  direc- 
tion of  the  celebrated  Mclloni.  This  road  follows  in  a  very  serpen- 
tine path  over  and  around  the  hill  of  ashes,  which  all  who  have  seen 
Vesuvius  will  remember  as  forming  a  remarkable  feature  in  its  to- 
pography. In  this  manner,  sections  have  been  opened  in  the  hill 
for  a  distance  of  three  or  four  miles,  and  were  these  viewed  without 
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reference  to  the  immediate  proximity  of  the  volcano  which  has  pro- 
duced the  deposit,  it  would  be  easy  to  refer  the  whole  to  an  alluvial 
origin,  so  characteristic  are  the  undulating  lines  of  deposition,  the 
alternation  of  coarse  and  fine  materials  interstratified,  including  now 
large  angular  masses  of  rock,  and  again  graduating  into  the  finest 
silt  and  mud.  In  some  places  the  lines  of  deposition  are  curved  in 
regular  undulations,  and  in  others  they  meet  at  a  sharp  uncon- 
formable angle.  Close  observation  alone  detects  that  the  whole 
material  is  volcanic — pumice,  scoria,  sand  and  fine  dust,  including 
large  blocks  of  inflated  lava  and  tufa. 

It  is  impossible  to  see  any  diflFerence  in  the  general  character  of 
these  deposits  and  of  those  which  cover  Pompeii,  only  that  the  lat- 
ter being  mostly  the  result  of  one  eruption  are  less  varied  than  the 
former,  and  more  regularly  stratified.  In  both,  the  evidence  of 
aqueous  action  is  very  obvious  ;  and  we  have  historical  as  well  as 
geological  evidence  of  the  eruption  of  vast  volumes  of  aqueous  va- 
pour with  the  lapilli,  scoria  and  fine  ashes  from  Vesuvius,  which, 
condensing  into  rain,  produced  a  delude  of  hot  mud,  filling  the  most 
intricate  recesses  of  the  Pompeian  houses,  and  producing  the  ap- 
pearance of  an  aqueous  deposit  in  the  ash  hills  of  the  flanks  of  \  e- 
suvius.  In  Herculaneum  we  see  the  same  phcenomena  in  a  more 
remarkable  manner.  Here,  owing  to  a  much  larger  accumulation 
of  material — to  subsequent  overflows  of  lava  and  the  superincumbent 
weight  thus  produced,  with  the  aid  of  water,  the  ashes  were  conso- 
lidated into  so  compact  a  mass,  that  some  writers  have  even  doubted 
whether  Herculaneum  had  not  been  destroyed  by  an  overflow  of  lava 
in  the  first  instance.  That  such  was  not  the  fact  is  well  known, 
and  the  condition  of  the  antiquities  imbedded  there  quite  forbid  the 
idea  were  no  other  evidence  attainable. — Silliman's  Journal,  Sep- 
tember 1851. 


ox  THE  SULPHUR  DEPOSITS  AT  SWOSZOWICE  AND  RADOBOJ. 

Professor  L.  Zeuschner  has  given  a  description  of  the  sulphur 
stratum  of  Swoszowice  near  Cracow.  It  is  situated  in  the  tertiary 
formation.  Sulphur  and  gypsum  lie  in  parallel  beds  in  a  deposit  of 
marl  of  considerable  thickness.  The  entire  deposit  is  243  feet  thick, 
and  contains  five  layers  of  sulphur  at  almost  equal  distances  of  twelve 
feet.  The  uppermost  layer  of  sulphur  consists  of  grains  of  sulphur 
about  the  size  of  hemp-seed,  which  are  disseminated  through  the 
marl.  Sometimes  the  grains  are  attached  like  bunches  of  grapes. 
Tlie  second  layer  of  sulphur  is  separated  from  the  first  by  a  gray 
marl  of  from  1 2  to  30  feet  in  thickness.  The  layer  itself  consists  of 
small  nodules  of  compact  sulphur,  is  thicker  than  the  former,  being 
from  2  to  9  feet,  and  presents  parallel  layers  separated  by  marl. 
The  sulphur  contains  scarcely  any  admixture  of  foreign  substances. 
In  some  places  groups  of  sulphur  crystals  occur  mixed  with  small 
crystals  of  calcareous  spar.  Only  these  two  upper  layers  are  worked, 
while  the  three  lower  onet^  are  only  known  by  boring  experiments. 

The  sulphur  layer  at  Radoboj  in  Croatia  has  been  described  by 
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A.  V.  Morlot.  It  was  discovered  accidentally  in  1811  by  a  peasant, 
and  hris  been  worked  from  that  time.  The  sulphur  lies  in  a  slaty 
marl,  which  is  situated  between  the  raiocene  formation  and  the  calcaire 
grassier,  and  itself  belongs  to  the  eocene  formation.  The  latter  ad- 
joins the  dolomite  of  the  raagnesian  limestone,  and  has  an  inclination 
rather  less  than  45°.  The  sulphur  bed  consists  of  four  layers.  The 
uppermost  layer,  for  the  most  part  8  to  10  inches  thick,  contains 
nodules  of  sulphur  from  the  size  of  a  nut  to  that  of  a  man's  head 
lying  separately  in  marl  slate,  and  is  only  now  and  then  accom- 
panied by  gypsum.  Then  follows  an  argillaceous  sandstone  10  to 
12  inches  thick,  which  contains  a  remarkable  quantity  of  fossil  re- 
mains, not  only  of  plants,  but  especially  of  insects  and  fishes.  Under 
it  lies  a  second  deposit  of  sulphur,  10  to  12  inches  thick,  in  a  dark 
bituminous  marly  slate  from  which  the  sulphur  has  to  be  separated 
by  distillation.  A  clayey  bituminous  marly  slate,  12  inches  thick, 
forms  the  bottom  stratum.  The  sulphur  beds  are  covered  by,  and  rest 
upon  hard  marly  slates. — Arch.  dePharm.  2  R.,  vol.  lxvi.pp.315,316. 


METEOROLOGICAL  OBSERVATORY  OF   MOUNT  VESUVIUS. 

The  Meteorological  Observatory  recently  erected  at  Mount  Vesu- 
vius was  projected  by  Prof.  Melloni,  so  well  known  to  all  the  world 
by  his  memorable  researches  on  heat,  and  the  most  distinguished 
of  all  the  Italian  physicists.  The  king  of  Naples  gave  the  enterprise 
his  sanction,  and  furnished  the  means  to  construct  the  buildi.ig.  The 
house  is  of  ample  dimensions,  standing  on  an  artificial  terrace  at  the 
summit  of  the  hill  of  ashes  which  forms  the  limit  of  the  arable  region 
of  ^'esuvius,  and  at  an  elevation  of  about  2000  feet.  The  centre 
has  three  floors  above  the  basement,  and  the  two  wings  each  one  floor 
above  the  basement ;  in  the  rear  and  joining  the  main  building  is  a 
round  tower,  and  the  roofs  are  convenientlj^  arranged  for  meteorolo- 
gical purposes.  All  the  plans  were  furnished  by  Prof.  Melloni,  who 
also  superintended  its  erection,  which  by  an  inscription  on  the  exte- 
rior appears  to  have  been  begun  in  1841. 

Unfortunately  for  science,  the  revolution  of  1848  entirely  arrested 
the  further  progress  of  the  undertaking  ;  the  house  stands  vacant,  no 
instruments  are  provided,  and  worst  of  all.  Prof  Melloni  has  been  re- 
moved, not  only  from  his  direction  in  the  Observatory,  but  also  from 
his  Professorship  in  the  University,  under  the  caprice  of  a  des]iot  who 
knows  no  law  but  his  own  will,  and  who  has  shown  in  tliis  act  that 
he  was  unworthy  of  so  noble  a  subject. — Silliman's  Journal,  Sep- 
tember 1851. 


EXPERIMENTS  ON  THE  APPLICATION  OF  ELECTRO-MAGNETISM  AS 
A  MOTIVE  FORCE.       BY  M.  ARISTIDE  DUMONT. 

The  author  announces  in  the  following  terms  the  consequences  to 
be  deduced  from  the  experiments  reported  in  his  memoir : — 

1.  The  electro-magnetic  force,  although  it  cannot  yet  be  compared 
to  the  force  of  steam  in  the  production  of  great  power,  either  as  it 
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regards  the  absolute  amount  of  power  produced,  or  the  expense,  may 
nevertheless  in  certain  circumstances  be  usefully  and  practically 
applied. 

2.  While  in  the  development  of  great  power  the  electro- magnetic 
force  is  very  far  inferior  to  that  of  steam,  it  becomes  equal  and  even 
superior  to  it  in  the  production  of  small  forces,  which  may  be  thus 
subdivided,  varied,  and  introduced  into  trades  and  occupations  using 
but  small  capitals,  where  the  absolute  amount  of  mechanical  power 
is  less  exerted  than  the  facility  of  producing  it  instantaneously  and 
at  will. 

3.  In  this  point  of  view  the  electro-magnetic  force  assists,  as  it 
were,  the  usefulness  of  steam,  in  place  of  uselessly  competing  with  it. 

4.  Other  things  being  proportional,  electro- magnetic  machines 
with  direct  alternating  movement  jiresent  a  great  superiority  of  the 
power  developed  over  rotating  machines ;  since  in  the  first  there  are 
no  components  lost,  and  with  the  same  expense  a  much  more  consi- 
derable power  is  obtained  than  with  rotating  machines. 

5.  In  machines  of  direct  movement,  the  influence  of  the  currents 
of  induction  appears  less  considerable  than  in  rotating  machines. 

6.  Finally,  in  the  calculation  of  the  expense,  it  is  proper  to  include 
deduction  of  the  value  of  the  sulphate  of  zinc  produced,  and  to  take 
into  consideration,  that,  in  apparatus  of  any  considerable  size,  the 
same  battery  may  be  used  at  the  same  time  for  the  production  both 
of  the  power  and  light. — Comptes  Rendus,  August  2.3,  1851. 


METEOROLOGICAL  OBSERVATIONS  FOR  DEC.  1851. 

Chiswick. — December  1.  Frosty :  fine :  uniformly  overcast  at  night.  2.  Over- 
cast :  clear.  3.  Hazy  :  cloudy :  frosty  at  night.  4.  Frosty :  fine.  5.  Hazy  : 
cloudy  :  overcast.  6.  Densely  overcast.  7.  Fine  :  cloudy.  8.  Cloudy :  clear  and 
verv' fine.  9.  Foggy.  10.  Cloudy.  11.  Clear  and  fine.  12.  Very  dense  fog. 
13.  Foggy:  hazy  throughout.  14.  Foggy.  15.  Hazy.  16.  Foggy:  overcast. 
17,  18.  Foggy.  19-  Very  fine.  20.  Hazy  and  drizzly:  densely  overcast  at  night. 
21.  Rain  :  boisterous  at  night.     22.  Rain  :  clear  at  night.     23.  Clear  and  fine. 

24.  Hazy  :  fine.  25.  Clear  and  fine  :  cloudy  at  night.  2C.  Fine :  sharp  frost. 
27.  Frosty  :  overcast :  slight  rain.  28.  Fine  :  densely  clouded  :  clear.  29.  Slight 
haze.     30.     Foggy.     31.  Frosty  and  foggy :  hazy. 

Mean  temperature  of  the  month  38°-88 

Mean  temperature  of  Dec.  1850   38  "47 

Mean  temperature  of  Dec.  for  the  last  twenty-six  years     ...  39 '69 

Average  amount  of  rain  in  Dec 1-52  inch. 

Boston. — Dec.  1.  Fine.  2 — 1.  Cloudv.  5.  Cloudv  :  rain  a.m.  6.  Cloudv. 
7—9.  Fine.  10.  Cloudy  :  rain  p.m.  Il,'l2.  Fine.  13'.  Foggy.  14—19.  Cloudy. 
20.  Fine,     21.  Rainv :  rain  a.m.  and  p.m.     22.  Cloudv.     23.'  Fine.     24.  Cloudy. 

25,  26.  Fine.     27.  Cloudy.     28.  Cloudy  :  rain  p.m.     29,  30.  Cloudy.     31.  Fine. 

Sandwich  Manse,  Orkney. — Dec.  1.  Cloudy:  damp.  2.  Damp.  3.  Showers: 
damp.  4.  Rain :  showers.  5.  Showers :  drizzle.  6.  Bright :  drizzle.  7.  Cloudy. 
8.  Damp  :  showers  :  clear.  9.  Damp  :  drizzle.  10.  Cloudy  :  rain.  11.  Damp  : 
drizzle.  12.  Bright :  cloudy.  13.  Drizzle :  clear.  14.  Fine.  15.  Fine  :  damp. 
16.  Bright:  fine:  damp.  17.  Damp:  fine:  damp.  18.  Bright:  fine:  aurora. 
19.  Cloudy:  fine:  aurora.  20.  Cloudy  :  drizzle.  21.  Rain  :  clear  :  aurora.  22. 
Frost :  clear  :  aurora.  23.  Bright :  clear :  aurora.  24.  Frost :  aurora.  25.  Frost : 
cloudy.  26.  Fine  :  clear  ;  aurora.  27.  Fine  ;  cloudy.  28.  Cloudy.  29.  Cloudy  : 
damp.     30.  Drizzle :  rain.    31.  Drizzle  :  cloudv. 
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XXVI.  On  the  Optical  Properties  of  a  newly-discovered  Salt  of 
Quinine,  which  crystalline  substance  possesses  the  poiver  of  po- 
larizing a  ray  of  Light,  like  Tourmaline,  and  at  certain  angles 
of  Rotation  of  depolarizing  it,  like  Selenite.  By  William 
Bird  Herapath,  M.D.  London  University,  M.R.C.S.  Engl., 
Member  of  the  Bristol  Microscopical  Society,  S^-c.-^- 
[With  a  Plate.] 

SOME  short  time  since  my  pupil  called  my  attention  to  some 
peculiarly  brilliant  emerald-green  crystals,  wliicli  had  formed 
by  accident  in  a  solution  of  the  disnlphate  of  quinine.  He  could 
give  me  no  account  of  their  formation.  Some  experiments  made 
upon  them  convinced  me  of  their  importance,  both  chemically 
and  optically,  and  led  me  to  suspect  that  iodine  was  in  some  way 
necessary  to  their  composition. 

Upon  dropping  tincture  of  iodine  into  the  solution  of  disul- 
phate  of  quinine  in  diluted  sulphuric  acid,  an  abundant  deposi- 
tion of  similar  crystals  immediately  occurred.  However,  it  was 
found  exceedingly  difficult  to  experiment  in  a  satisfactory  manner 
upon  the  crystals  thus  formed,  as  it  was  almost  impossible  to 
isolate  them  from  their  mother-liquid.-  It  was  subsequently 
found,  that  by  dissolving  the  disulphates  of  quinine  and  cincho- 
nine  of  commerce  in  concentrated  acetic  acid,  upon  warming  the 
solution,  and  dropping  into  it  a  spirituous  solution  of  iodine 
carefully  by  small  quantities  at  a  time,  and  placing  the  mixtui'e 
aside  for  some  hours,  large  brilliant  plates  of  this  substance  were 
produced.  These  could  be  readily  separated  from  their  mother- 
liquid,  and  by  frequent  recrystallization,  purified. 

The  crystals   of  this  salt,  when  examined  by  reflected  light, 

*  Communicated  bj'  the  Author ;  to  whose  liberality  we  are  likewise 
indebted  for  the  beautiful  plate  which  accompanies  this  paper. 
Phil.  Mag.  S.  4.  Vol.  3.  No.  17.  March  1852.  M 
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have  a  brilliant  emerald-green  colour,  with  almost  a  metallic 
lustre;  they  apj)ear  like  portions  of  the  elytra  of  cantharides, 
and  are  also  very  similar  to  inurexide  in  appearance.  When 
examined  by  transmitted  light,  they  scarcely  possess  any  colour, 
there  is  only  a  slightly  olive-green  tinge;  but  if  two  crystals  cross- 
ing at  right  angles  be  examined,  the  spot  where  they  intersect  ap- 
pears as  black  as  midnight,  even  if  the  crystals  are  not  j^^dth  of 
an  inch  in  thickness.  (See  Plate  IV.  tig.  1 .)  If  the  hght  used 
in  this  experiment  be  in  the  slightest  degree  polarized,  as  by  re- 
flexion from  a  cloud,  or  by  the  blue  sky,  or  from  the  glass  sui*- 
facc  of  the  mirror  of  the  microscope  placed  at  the  polarizing 
angle,  oG°  45',  these  little  prisms  immediately  assume  comple- 
mentary colours.  One  appears  green  and  the  other  })ink ;  and 
the  part  at  which  they  cross  is  a  chocolate  or  deep  chestnut-brown 
instead  of  black. 

Their  optical  properties  will  be  more  minutely  examined  here- 
after. 

Their  chemical  characters  are  the  following  : — 

They  are  immediately  redissolved  upon  heating  the  acid  liquid 
to  180  ,  and  recrystallize  on  cooling ;  those  formed  in  the  sul- 
phuric acid  solution,  if  exposed  to  the  air  on  a  narrow  slip' of 
glass,  upon  the  concentration  of  the  mother-liquid  by  evapora- 
tion, will  slowly  disintegrate  by  dissection,  and  at  length  dissolve 
completely.  They  are  also  altered  by  diluting  the  solution  with 
distilled  Neater,  appearing  to  become  disintegrated.  The  only 
mode  of  preparing  these  crystals  as  microscopic  objects,  is  cau- 
tiously to  neutralize  the  excess  of  acid  of  the  mother-liquid  by 
the  addition  of  liquid  aumiouia,  but  to  take  care  that  it  be 
added  in  successive  small  quantities,  short  of  precipitation  of  the 
excess  of  disulphates  of  quinine  and  cinchonine ;  then  depo- 
siting upon  a  glass  slide  with  a  di'opping  tube  a  portion  of  the 
fluid  charged  \nth  these  crystals,  allowing  the  crystals  to  sub- 
side, gradually  removing  the  fluid  by  the  capillary  attraction  of 
bibulous  paper,  and  immediately  drying  the  crystals  by  a  current 
of  cold  air.  They  may  then  be  mounted  in  Canada  balsam  in  the 
usual  way ;  taking  care,  however,  to  use  no  heat  in  liquefying  the 
balsam ;  otherwise  the  crystals  would  be  immediately  destroyed. 

Boiling  alcohol  readily  dissolves  these  crystals  ;  a  clear  orange- 
yellow  solution  results ;  this  on  cooling  deposits  crystals  in 
abundance,  having  the  same  optical  and  chemical  characters ; 
but  they  have  lost  the  prismatic  form,  and  now  appear  as  rosettes 
of  minute  hexagonal  plates,  or  fonns  derived  from  the  hexagon 
by  truncation  of  the  angles.  Cold  alcohol  does  not  dissolve 
them. 

Sulphuiic  jether  and  chloroform  appear  to  have  no  solvent 
])ower  over  them. 
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Ammonia  rapidly  decomposes  them  ;  this  power  is  greatly  in- 
creased by  heat.  A  colourless  solution  results,  and  an  opake 
Naples-yellow  precipitate  remains,  which  is  fusible  at  the  boiling 
temperature  of  the  ammoniacal  liquid.  A  deep  brownish-yellow 
resinous  mass  results ;  this  is  a  compound  of  iodine  and  the 
alkaloid. 

Liquor  potassre  has  the  same  action  on  these  crystals ;  but  the 
resulting  resin  is  deeper  in  colour,  being  now  a  chocolate-brown. 

The  alkaline  solutions  in  both  instances  contain  sulphuric  and 
hydriodic  acids. 

Anali/sis. — About  ten  grains  of  the  mixed  disulphates  of  qui- 
nine and  cinchonine  were  dissolved  in  half  an  ounce  of  pyrolig- 
neous  or  acetic  acid ;  into  the  hot  solution  was  dropped  a  spi- 
rituous solution  of  iodine  (without  iodide  of  potassium)  ;  as  the 
mixture  cooled,  these  little  gems  gradually  formed ;  they  were 
carefully  separated  on  a  tilter,  and  again  dissolved  in  acetic  acid 
by  the  aid  of  heat ;  a  few  drops  of  the  tincture  of  iodine,  as  be- 
fore, added,  and  on  cooling  they  were  again  deposited ;  a  second 
recrystallization  removed  all  traces  of  impurity ;  they  were  col- 
lected on  a  filter  and  diied. 

(A.)  About  thi'ee  grains  of  these  purified  acetic  crystals  were 
redissolved  in  acetic  acid,  and  whilst  the  solution  was  hot,  acetate 
of  baiyta  was  added ;  a  white  precipitate  was  immediately  pro- 
duced ;  this  was  insoluble  in  concentrated  nitric  acid,  and  proved 
to  be  sulphate  of  baryta.  [The  acetic  acid  used  in  this  experi- 
ment gave  no  trace  of  sulphuric  acid  when  tested  in  the  same 
way.] 

(B.)  Into  the  filtered  portion  from  A  (the  excess  of  baryta 
having  been  removed  by  a  solution  of  sulphate  of  ammonia  and 
again  filtered)  were  dropped  nitric  acid  and  then  granules  of 
starch  ;  an  abundant  indication  of  the  presence  of  iodine  was 
instantly  made  evident. 

(C.)  Into  the  fluid  filtered  from  B  was  dropped  solution  of 
ammonia;  a  flocculent,  white,  gelatinous  precipitate  was  pro- 
duced; this  separated  and  fell  to  the  bottom  after  some  delay. 
Upon  agitating  the  mixture  with  sulphuric  sether,  the  precipitate 
was  dissolved,  and  separated  by  decanting  the  sethereal  solution 
from  the  watery  fluid;  upon  slowly  evaporating  the  tether  by 
exposure  to  the  aix',  a  gummy  resinous  mass  remained,  nearly 
destitute  of  colour  and  crjstalhne  appearance ;  it  was  probably 
quinine,  as  it  did  not  crystallize. 

Other  experiments  were  instituted  to  decide  the  question 
whether  the  alkaloid  was  quinine  or  cinchonine. 

1st.  By  taking  advantage  of  the  difi"erent  solubility  of  the  two 
disulphates,  they  were  separated,  and  at  length  rendered  perfectly 
pure. 

M2 
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2n(i.  It  was  found  that  by  treating  solutions  of  each  alkaloid 
in  a  precisely  similar  manner  with  iodine,  crystals  possessing 
the  peculiar  ])ropcrtics  were  only  produced  in  the  solution  of  the 
pure  disulphate  of  quinine. 

The  disulphate  of  cinchonine  solution  was  merely  slightly 
reddened  upon  the  addition  of  iodine ;  becoming  turbid,  a  cin- 
namon-brown precipitate  falling,  which  upon  heating  in  contact 
with  the  mother-liquid  became  indigo-coloured,  and  did  not  re- 
dissolve.     No  crystals  were  produced. 

Therefore  it  became  probable  that  iodine,  sulphuric  acid,  and 
quinine,  were  absolutely  necessaiy  for  the  production  of  these 
crystals. 

1st.  To  decide  the  question  whether  the  sulphuric  acid  was 
absolutely  essential,  a  portion  of  the  crystals  was  dissolved  in 
acetic  acid,  and  whilst  hot,  acetate  of  baryta  was  dropped  in  until 
no  further  precipitation  occurred ;  the  solution  was  tiltered  whilst 
hot,  and  upon  cooling  there  was  no  appearance  of  any  crystalli- 
zation after  remaining  several  days. 

2ud.  Another  portion  of  these  crystals  was  dissolved  by  boiling 
n  rectified  spirit ;  a  sheny  Anne-coloured  fluid  resulted ;  it  was 
divided  into  two  portions. 

(A.)  The  first  was  allowed  to  cool  spontaneously ;  the  crystals 
were  deposited  again,  but  in  rosettes,  as  before  described. 

(B.)  The  second  portion  of  the  alcoholic  solution  was  treated 
whilst  hot  \dx\\  acetate  of  baryta;  the  sulphate  precipitated 
directly;  the  supernatant  fluid  on  cooling  remained  perfectly 
transparent,  and  no  crystals  formed  after  some  days. 

3rd.  An  alcoholic  solution  of  the  pure  alkaloid  quinine  was 
carefully  prepared,  and  an  alcoholic  solution  of  iodine  added;  a 
sherry  wine-coloured  fluid  resulted  ;  no  crystals  were  deposited ; 
and  upon  spontaneous  evaporation  an  ochry- yellow  ])recipitate 
remained,  without  crystalline  form,  and  having  a  very  resinous 
appearance. 

Therefore  it  now  became  evident  that  iodine,  sulphuric  acid, 
and  quinine,  were  the  constituent  elements  of  this  peculiar  body. 
How  associated,  it  is  difficult  to  say ;  but  it  is  probable  that 
they  are  arranged  as  a  binary  compound,  the  disulphate  of  qui- 
nine acting  as  a  feebly  electro-positive  base  to  the  iodine  as  an 
electro-negative.  It  is  conjectured  therefore  to  be  an  iodide  of 
the  disulphate  of  quinine. 

It  now  became  an  interesting  question  to  decide  whether  any 
other  of  the  vegetable  alkaloids  would  act  in  a  similar  manner 
with  iodine.  The  same  experiments  were  tried  with  the  salts  of 
morphine,  brucine,  stiychnine,  salicine  and  cinchonine,  but  with- 
out success ;  we  may  therefore  almost  confidently  depend  on  the 
production  of  these  crystals  being  indicative  of  the  presence  of 
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quinine  in  a  given  solution.  It  is  to  be  regretted  that  the  atomic 
weight  has  not  yet  been  determined,  but  hitherto  time  has  not 
permitted  the  necessary  experiments  to  be  undertaken. 

This  substance  presents  itself  under  a  variety  of  crj-^stalline 
forms ;  a  slight  change  in  the  manner  of  producing  them  will 
occasion  an  alteration  in  their  shape.   (See  fig.  2.) 

When  formed  from  a  solution  of  the  disulphates  of  quinine 
and  cinchonine  in  chluted  sulphuric  acid,  they  present  the  form  of 
parallelopipeds,  exceedingly  slender  and  elongated ;  the  terminal 
planes  are  rectangular,  the  thickness  being  scarcely  appreciable, 
even  less  than  y^j^^ ^dtli  part  of  an  inch,  the  breadth  and  length 
being  variable. 

The  transition  from  this  form  to  the  square  plate  is  very  easy, 
and  frequently  observed. 

By  truncating  the  angles  of  the  square  plate  we  derive  the 
octagonal  plate;  very  common. 

Under  other  circumstances,  the  aciculae  change  the  form  of 
their  terminal  planes  and  become  acutely  pointed. 

By  shortening  the  length  and  increasing  the  breadth  we  ob- 
tain the  half  hexagon. 

By  joining  two  of  these,  base  to  base,  we  obtain  the  hexagonal 
plate.  Very  frequently  found  in  crystals  deposited  from  the 
acetic  acid  solution. 

The  rhomboidal  plate  is  a  very  common  form. 

^Mien  a  quantity  of  the  disulphates  is  dissolved  in  acetic  acid, 
a  very  few  drops  of  a  spirituous  solution  of  iodine  employed  (say 
four  or  five),  and  the  mixture  left  some  hours  in  perfect  repose  to 
cool  and  crystallize,  very  large  broad  plates  are  produced,  appa- 
rently formed  of  many  acicuhe  cohermg  by  their  elongated  edges. 
These  plates,  by  very  careful  manipulation  indeed,  may  be  trans- 
ferred to  a  thin  plate  of  microscopic  glass  and  dried ;  when  set  up 
in  Canada  balsam  and  properly  mounted,  this  becomes  available 
as  a  polarizer ;  and  in  this  way  a  crystal  has  been  mounted  by 
the  author,  and  adapted  to  his  microscope  in  place  of  a  tourma- 
line. Frequently  these  crystals  assume  a  form  derived  from  the 
cuboid  plate,  several  of  which  joined  edge  to  edge  produce  a 
compound  plate,  the  angles  being  at  the  same  time  more  or  less 
truncated. 

Occasionally  the  constituent  rhombic  or  square  plates  cohere 
by  their  fiat  surfaces  instead  of  by  their  edges.  They  are  all 
arranged  in  the  same  optical  plane ;  and  are  not  merely  superim- 
posed by  accident  in  this  peculiar  position,  all  the  crystals  formed 
in  the  solution  having  the  same  extraordinary  shape. 

Under  other  circumstances  we  obtain  this  substance  in  the 
form  of  most  beautiful  compound  rosettes,  the  component  crystal 
being  either  the  minute  hexagon  or  a  form  derived  from  it ;  or 
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the  lozenge,  like  lithie  acid.  The  crystals  deposited  from  alcohol 
are  of  this  character. 

At  other  times  it  forms  small  stelW,  composed  of  acicular 
ciystals  radiating  from  a  centre  like  the  spokes  of  a  wheel. 

A  more  cautious  crystallization  xnll  produce  short  pyramids 
like  the  ammoniaco-magncsian  phosphate  from  alkaline  urine. 
This  is  the  case  when  a  solid  plate  of  iodine  is  suspended  in  a 
solution  of  the  disulphates  in  acetic  acid.  Some  days  elapse  ere 
they  form,  in  consequence  of  the  very  slow  solution  of  the  iodine. 
(See  fig.  2.) 

The  primary  iorm  of  these  crystals  appears  to  be  derived  from 
the  rhombic  })rism,  but  it  is  very  possible  that  the  substance  may 
be  dimorphous. 

One  remarkal)lc  fact  is  evident  throughout  the  whole  of  this 
crystalline  metamorphosis, — the  optical  ])roperties  remain  the 
same ;  and  the  merest  film  of  this  remarkable  substance  possesses 
decided  power  over  the  rays  of  light. 

In  the  following  examination  of  their  optical  properties  I  made 
use  of  Oberhauser's  achromatic  microscope,  with  half  an  inch 
object-glass  and  No.  2  eye-piece;  a  low  power,  certainly  under 
100  diameters. 

A.  Their  brilliant  emerald-green  colour  reflected  to  the  eye 
has  been  already  noticed.  This  beam  of  green  light  produced 
by  reficxion  is  decidedly  a  polarized  ray  w  hen  the  plane  of  the 
ciystal  is  inclined  41°  to  the  plane  of  the  incident  ray. 

B.  Their  perfectly  transparent  and  almost  colourless  appear- 
ance when  examined  by  transmitted  light  has  also  been  noticed. 

C .  The  production  of  complementary  colours,  when  examined 
by  means  of  a  slightly  polarized  light,  has  also  been  spoken  of. 

D.  The  action  of  a  single  tourmaline  upon  them  is  very  de- 
cided. 

E.  The  action  of  two  tourmalines  must  also  be  investigated. 

F.  The  action  of  one  tourmaline  and  a  selenite  stage  is  also 
very  peculiar,  and  will  be  minutely  examined. 

G.  The  action  of  two  tourmalines  and  a  selenite  stage  must 
also  be  explained. 

H.  The  phenomena  exhibited  by  these  crystals,  when  used  as 
polarizers  and  analysers,  is  also  \\  ortliy  of  remark,  and  of  course 
permit  of  various  crystalline  substances  being  used  as  tests  of 
their  remarkable  polarizing  ]iroperties. 

I.  The  phrenomena  of  depolarization  by  these  crystals  will  be 
touched  upon  under  sections  C.  and  E.  &c. 

(B.)  The  perfect  polarizing  powers  which  these  ciystals  exhibit 
must  now  be  proved  and  illustrated. 

AYhen  two  crystals  of  the  j)rismatic  form  are  examined  in  a 
superimposed  condition,  the  following  effects  will  be  apparent ; — 
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1st.  If  the  two  prisms  are  perfectly  parallel  in  their  long  dia- 
meters, the  ray  of  light  will  pass  through  unaltered.  (Figs.  3  and4.) 
2nd.  When  they  cross  each  other  at  a  right  angle,  the  small 
square  spot  where  they  cross  will  be  as  black  as  midnight. 
The  two  rays  are  both  obstructed ;  that  is,  about  half  the  inci- 
dent ray  of  ordinary  light  is  stopped  or  absorbed  by  the  first  or 
lowest  crystal,  the  other  half  transmitted  by  it  in  a  polarized 
state ;  this  impinging  upon  the  superior  crystal  is  stopped  by  it 
eifectually. 

3rd.  When  the  two  crystals  intersect  each  other  at  an  angle 
of  45°,  polarization  also  occurs,  but  not  to  the  same  extent ;  the 
spot  where  they  are  superposed  is  decidedly  darkened. 

4th.  There  is  a  perceptible  polarizing  effect  produced  at  an 
angle  of  30° ;  below  this  there  does  not  appear  to  be  any  effect 
on  the  transmitted  light. 

5th.  Similar  effects  are  equally  well  observed  in  the  superpo- 
sition of  the  hexagonal  plates  and  other  forms.  (See  figs. 4  and  5.) 
(C.)  When  three  crystals  are  examined  in  a  superimposed 
condition,  two  being  crossed  at  right  angles,  and  therefore  dark, 
and  a  third  introduced  between  them,  the  phfenomena  of  depo- 
larization are  produced  :  the  interposed  crystal  permits  the  light 
to  pass  through,  and  at  the  same  time  communicates  to  it  the 
order  of  colour,  equivalent  to  its  thickness,  in  the  same  manner 
as  a  plate  of  selenite  would  do  if  interposed  between  two  tour- 
malines at  right  angles  to  each  other. 

The  angle  of  depolarization  appears  to  be  45°  to  the  plane  of 
either  polarizing  or  analysing  crystal ;  but  the  phenomenon  will 
take  place  in  a  minor  degree  at  other  angles.     (Vide  fig.  5.) 

Similar  pha?nomena  are  produced  by  the  hexagonal  plates  and 
other  crystalline  forms.     (Vide  fig.  5.) 

(D.)  The  action  of  a  single  to m-m aline  or  NicoPs  prism  is 
very  marked,  and  proves  beyond  a  doubt  that  these  crystals 
possess  both  the  polarizing  and  the  depolarizing  powers. 

In  the  first  place,  upon  examining  two  of  these  crystals  placed 
at  right  angles  the  one  to  the  other,  with  a  single  tourmaline  or 
NicoFs  prism,  one  crystal  is  perfectly  black  and  obstructs  all  the 
light,  the  other  is  as  transparent  as  ever.  Upon  more  closely 
analysing  this  experiment,  it  will  be  found  that  the  crystal  whose 
length  crosses  the  plane  of  the  tourmaline  at  right  angles  is  the 
dark  one,  whilst  that  one  whose  long  diameter  is  parallel  to  the 
plane  of  the  tourmaline  is  transparent.   (Fig.  6.) 

Upon  rotating  the  tourmaline  90°,  or  one  quarter  of  a  circle, 

the  crystal  which  was  before  transparent  becomes  dark,  and  that 

which  was  dark  now  becomes  transparent.   (Figs.  6  and  7.) 

Their  polarizing  power  may  now  be  considered  to  be  established. 

It  remains  to  prove  their  depolarizing  power  ^nth  equal  cef- 

tainty. 
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If  three  crystals,  a,  b  and  c,  ari'angcd  as  in  fig.  8  be  examined 
with  one  tourinahne,  the  latter  [c]  is  inferior  to  the  two  former, 
which  of  course  cross  it  at  an  angle  of  45°,  and  at  90°  to  each 
other  respectively.  Upon  placing  a  tourmaline  over  the  eye- 
piece of  the  microscope  at  right  angles  to  the  plane  of  c,  the 
phsenomenon  of  polarization  will  be  exhibited  by  c ;  it  will  appear 
black. 

The  crystals  a  and  h  are  of  course  at  45°  respectively  to  both 
the  tourmaline  and  to  c ;  they  are  therefore  at  the  angle  of  de- 
polarization as  in  section  B,  and  will  consequently  exhibit  coloured 
images  where  they  cross  the  polarizing  ciystal  c,  one  being  com- 
plementary in  colour  to  the  other;  and  as  they  intersect  each 
other  at  right  angles,  they  there  exhibit  the  appearance  due  to 
polarization,  and  darkness  is  the  result. 

Similar  phtenomena  are  exhibited  by  the  hexagonal  plates,  &c. 

(E.)  The  next  phsenomena  to  be  described  will  be  the  result 
of  examining  these  new  polarizing  and  depolarizing  ciystals  by 
means  of  two  tourmalines,  a  polarizing  and  an  analysing  plate  as 
they  are  commonly  called ;  in  fact,  they  would  be  submitted  to 
the  ordinary  arrangement  of  the  polarizing  microscope. 

Select  two  crystals  superimposed  and  crossing  at  right  angles, 
and  the  whole  object  capable  of  being  revolved  horizontally  on 
its  own  axis. 

Let  the  crystals  as  a  cross  coincide  with  the  planes  of  the 
tourmalines.     (Fig.  9,  a  and  b) 

The  field  of  the  microscope  will  be  dark,  as  the  tourmalines 
are  at  right  angles,  and  consequently  nearly  the  whole  of  the 
incident  light  will  be  obstructed  or  polarized. 

The  crystal  («)  being  at  right  angles  to  tourmaline  (c?),  of 
course  produces  an  increase  to  the  polarizing  effect. 

The  crystal  (6)  being  at  right  angles  to  the  tourmaline  (c), 
also  polarizes  and  increases  the  depth  of  darkness. 

And  at  the  centre  {e)  we  have  the  combined  influence  of  the 
two  tourmalines  and  the  two  crystals  also ;  we  consequently  have 
the  maximum  polarizing  effect  which  it  is  possible  to  produce 
with  this  combination. 

In  the  second  place,  we  will  rotate  the  object  through  an  arc 
of  45°  whilst  the  tourmalines  remain  stationary.  The  ciystals 
are  now  in  the  position  most  favourable  for  exhibiting  depolari- 
zation :  they  compel  the  light  to  pass  through,  and  at  the  same 
time  coniD^.uuicate  colour  to  the  beam,  unless  their  thickness  be 
too  great,  when  of  course  white  light  will  be  transmitted.  (Fig.  9, 
e,/.)  Similar  results  follow  in  the  examination  of  hexagonal 
plates. 

(F.)  We  will  now  proceed  to  examine  these  crystals  by  means 
of  a  single  tourmaline  and  the  selenite  stage. 

This  arrangement   consists  in  placing  a  tourmaline  in  the 


a  newly -discovered  Salt  of  Quinine.  169 

centre  of  the  field  of  the  microscope  on  the  stage,  and  superim- 
posing' upon  it  a  plate  of  selenite,  of  such  a  thickness  that  it  will 
give  a  brilliant  wine  colour,  or  the  complementary  green,  when 
examined  by  the  second  or  analysing  tourmaline  placed  over  the 
eye-piece.  But  in  the  experiment  now  to  be  described  the  su- 
perior  plate  of  tourmaline  is  not  employed. 

In  fig.  10  four  prismatic  crystals  of  the  iodide  of  disulphate 
of  quinine  are  supposed  to  be  arranged  at  various  angles  of  rota- 
tion, [a]  is  placed  in  the  position  from  0°  to  180°,  and  at  right 
angles  to  the  plane  of  the  tourmaline.  This  crystal,  acting  as  a 
tourmaline  in  the  field  of  the  microscope,  developes  the  colour 
of  the  selenite  stage,  and  of  course  appears  wine-coloured. 

{b)  is  across  the  field  at  90^  to  the  former  one ;  it  shows  the 
complementary  green. 

The  crystals  (c)  and  [d)  are  across  the  field  at  45°  to  the  plane 
of  the  tourmaline ;  they  are  therefore  in  a  position  to  exert  but  a 
minimum  of  polarizing  power  :  an  olive-green  tint  is  produced. 

The  force  of  the  argument  may  not  be  apparent  at  first  sight, 
but  upon  experimenting  with  the  hexagonal  plates  we  are  soon 
convinced  of  the  fact.  Here  a  is  at  right  angles  to  the  tourma- 
line below  the  stage,  and  therefore  appears  wine-coloured ;  whilst 
b  is  parallel  to  the  polarizing  plate,  and  of  course  is  comple- 
mentary. 

In  the  centre  of  the  field  the  crystals  cross  at  90°,  and 
therefore  polarize.  But  any  lingering  doubt  we  may  yet  have  of 
the  truth  of  this  position  is  most  certainly  removed  upon  pro- 
ceeding to  the  following  experiment,  in  which  we  simply  substi- 
tute for  the  pink  selenite  stage  a  plate  of  the  same  substance  of 
a  diff"erent  thickness,  one  which  developes  the  sky-blue  tint  in 
polarized  light. 

We  now  perceive  that  the  crystal  which  is  at  right  angles  to 
the  tourmaline  is  a  beautiful  blue,  whilst  that  crystal  which  is 
parallel  to  it  is  the  complementaiy  yellow.  The  two  intermediate 
crystals  are  of  a  slight  neutral  tint,  as  they  produce  but  a  minor 
degree  of  polarizing  power  at  these  angles. 

The  hexagonal  crystals  show  the  same  phsenomenon,  but  in  a 
more  marked  degree. 

The  plipenomena  exhibited  by  this  substance  in  these  experi- 
ments were  so  remarkable,  and  so  difi'erent  from  those  of  any 
crystals  I  had  previously  examined,  that  I  was  induced  to  make 
a  comparative  series  of  experiments  upon  some  other  crystalline 
compounds,  as  I  felt  convinced  that  the  single  tourmaline  and 
the  selenite  stage  would  become  a  very  delicate  test  of  the  power 
which  any  substance  may  possess  of  polarizing  a  ray  of  light. 

Upon  submitting  disulphate  of  cinchonine  to  this  experiment, 
I  found  it  to  possess  a  decided  power  of  polarizing  light. 
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This  substance  ci-ystallizes  as  a  tuft  of  minute  radiating 
aciculfe,  sometimes  arranged  in  a  perfect  cirele.  (Pig.  11.)  Upon 
placing  sucli  a  tut't  ivbove  the  red  selenite  stage,  having  a  tour- 
niahne  beneath  it,  one-half  the  circle  appears  red,  the  other  half 
green.  But  there  arc  four  segments  to  the  circle ;  one  quarter 
red,  one  green,  one  red,  and  the  fourth  green. 

Now  all  those  prisms  which  are  arranged  at  right  angles  to 
the  plane  of  the  tourmaline  are  red ;  all  those  parallel  to  it  are 
the  complementary  green ;  but  as  the  power  exists  in  a  minor 
degree  on  each  side  of  this  line  through  an  are  of  45°,  of  course 
we  get  the  whole  half-circle  so  coloured,  but  in  two  quarter-seg- 
ments placed  apex  to  apex. 

The  same  pluenomenon  is  also  to  be  found  with  the  blue  sele- 
nite stage,  but  it  requires  a  better  light  of  illumination  to  dis- 
cover it :  the  segments  are  respectively  blue  and  yellow  alter- 
nately. 

Upon  examining  pure  cinchonine  in  a  crystalline  state  as  de- 
posited from  its  hot  alcoholic  solution,  the  evidence  of  the  same 
power  exhibits  itself. 

The  oxalurate  of  magnesia  (discovered  in  the  urine  of  a  patient 
afflicted  with  the  oxalic  acid  diathesis,  after  having  administered 
the  bicarbonate  of  magnesia  for  some  time)  possesses  the  same 
power  to  a  considerable  extent.  The  colours  are  shown  in  these 
dumb-bell  crystals  with  tolerable  splendour. 

Taurine  jiossesses  this  power  in  a  very  slight  degree  only. 

Some  radiating  crystals  of  carbonate  of  lime  or  magnesia  found 
between  the  tegumentary  layers  of  the  shrimp  are  also  capable 
of  polarizing,  or  rather  analysing  the  ray  to  a  slight  degree. 

The  nitrate  of  urea,  the  oxalate  of  urea,  nitrate  of  potassa,  and 
nitrate  of  soda  (rhombic),  possess  this  power  in  great  splendoiu'. 

There  is  very  little  doubt  that  more  time  spent  in  the  investi- 
gation of  this  phsenomenon  would  considerably  enlarge  the  cata- 
logue of  those  substances  which  possess  the  faculty  of  polarizing 
light ;  but  none  of  those  enumerated  possess  it  to  the  extent  of 
the  iodide  of  the  disulphate  of  quinine. 

Tlie  disulphate  of  quinine  does  not  exert  the  slightest  influence 
upon  the  ray  of  light  under  these  circumstances. 

(G.)  To  return  from  our  digression  to  the  point  from  which 
we  started,  our  next  mode  of  examining  the  })roperties  of  the  new 
crystals  will  be  by  the  two  tourmalines  and  by  the  selenite  stage. 

Fig.  12  shows  four  crystals  arranged  at  various  angles  as  before. 

It  will  be  understood  that  in  this  experiment  the  two  tour- 
malines are  arranged  at  right  angles ;  one  being  on  the  stage, 
the  otlier  upon  the  eye-piece  of  the  microscope ;  the  plate  of 
selenite  superimposed  on  the  inferior  tourmaline.  In  fact,  it  is 
the  same  as  the  last  arrangement,  but  Avith  the  addition  of  the 
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superior  tourmaline.  We  will  first  employ  the  pink  seleuite 
stage. 

The  prism  (a)  is  at  right  angles  to  the  inferior  toui'maline  and 
parallel  to  the  superior  ;  it  developes  the  red  colour  of  the  stage. 

The  prism  [b),  being  parallel  with  the  interior  tourmaline,  is 
at  7'iffht  angles  to  the  superior  tourmaline ;  it  consequently  ob- 
structs the  whole  of  the  light. 

But  the  crystals  c  and  d  are  at  45°  to  either  torn'maline,  and 
therefore  at  that  angle  which  is  most  favourable  for  showing  the 
ph^enomena  of  depolarization.  They  are  coloured  green  and 
yellow  respectively,  as  they  now  add  the  intlueuce  of  their  o^ati 
thickness  to  that  of  the  selenite  stage. 

The  experiment  being  varied  by  emplopng  the  blue  selenite 
plate,  all  the  other  arrangements  being  as  before,  of  coui'se  the 
field  will  be  blue. 

The  prism  {a)  becomes  blue  from  the  same  cause,  the  superior 
tourmaline  hanng  no  influence  upon  it. 

The  crystal  {b)  is  dark,  as  before,  the  superior  toui'maline 
obstructing  the  beam  polarized  by  it. 

The  ciystals  c  and  d  are  now  violet  and  orange  respectively, 
being  complementaiy  in  colour  the  one  to  the  other.  They  act 
as  depolarizing  crystals  to  the  light  polarized  by  the  inferior 
tourmaline,  and  analysed  by  the  superior  toiu-maline,  and  add 
their  thickness  to  the  seleuite  stage ;  in  this  position  thev  exert 
the  same  influence  upon  polarized  light  that  any  other  crystalline 
substance  belonging  to  the  rhombic  prismatic  series  would  do 
under  similar  circumstances. 

Upon  revolving  the  superior  tourmaline,  the  whole  appear- 
ance changes ;  the  field  passes  to  green  with  one  stage  and  yellow 
with  the  other.  The  crystals  pass  through  various  changes  in 
colour  and  appearance,  each  in  its  turu  becoming  a  polarizer  in 
action  with  the  superior  tourmaline. 

(H.)  It  has  already  been  stated  that  the  author  has  succeeded 
in  adapting  one  of  these  artificial  tourmalines  to  the  stage  of  his 
microscope ;  it  is  sufficiently  large  to  give  an  uniform  tint  to  the 
whole  field,  and  covers  a  surface  of  an  eighth  of  an  inch  in  dia- 
meter. This  ciystal  will  bear  magnifying  to  any  extent,  and  he 
has  been  enabled  to  illuminate  a  field  of  eleven  inches  in  dia- 
meter with  light  jjolarized  by  its  means. 

It  is  at  once  evident  that  such  a  crystalline  plate  would  be 
far  too  small  to  be  serviceable  as  the  analysing  plate  above  the 
eye-piece ;  a  crystal  of  at  least  half  an  inch  in  diameter  would  be 
necessary  for  this  purpose.  There  is  frequently  found  in  the 
motherrliquid  a  crystal  siifficiently  large  to  be  so  used,  were  it 
possible  to  transfer  it  safely  from  the  fluid  to  a  plate  of  glass  in 
order  to  mount  it :  the  difficulty  consists  in  the  extreme  li-agility 
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of  these  microscopically  thin  compound  plates ;  the  slightest 
-touch  is  sufficient  to  disrupt  them.  The  slightest  movement 
in  the  liquid  will  at  times  destroy  the  connexion  existing  between 
the  edges  of  the  component  prisms  ;  they  thus  lose  their  uniform 
and  ])arallel  arrangement.  ^Vherever  they  cross,  polarization  and 
obstruction  of  the  rays  of  light  necessarily  occur,  and  the  plate 
is  of  course  useless  for  the  purpose  designed. 

But  although  it  is  not  possible  to  obtain  one  large  enough  to 
surmount  the  eye-piece,  yet  it  is  perfectly  easy  to  procure  plates 
of  sufficient  size  to  act  as  analysing  crystals  u})on  the  field  or 
stage  of  the  instrument,  of  course  used  superimposed  on  the 
tourmaline,  or  artificial  tourmaline  attached  to  the  stage;  and 
when  these  are  placed  at  right  angles,  the  phsenomena  of  polari- 
zation may  be  exhibited  with  great  splendour.     (Vide  fig.  13.) 

^Vhen  these  crystals  have  been  thus  aiTanged,  and  the  selenite 
stage  interjiosed,  the  field  becomes  colom-ed  according  to  the 
thickness  of  the  plate  of  selenite ;  and  the  extent  of  the  field  so 
coloured  will  depend  on  the  magnitude  and  breadth  of  the  su- 
perior artificial  tourmaline  employed ;  frequently  the  whole  field 
of  seven  or  eight  inches,  or  even  eleven  inches  in  diameter,  has 
been  coloured  \\\i\\  an  uniform  tint. 

Fig.  13  exhibits  a  polyhedral  compound  crystal  of  the  new  sub- 
stance employed  as  an  analysing  plate,  the  artificial  tourmaline 
being  placed  beneath  it.  The  radiating  crystals  are  those  of 
disulphate  of  quinine,  which  crystallized  upon  the  plate  of  glass 
used  to  mount  the  analysing  crystal,  in  consequence  of  the  eva- 
poration of  the  mother-liquid  from  which  the  plate  was  formed, 
and,  depositing  the  excess  of  disulphate  beneath  the  plate,  thus 
produced  the  splendid  specimen  now  attempted  to  be  depicted. 
The  crystals  of  course  depolarize  the  light,  and  it  is  transmitted 
by  the  superior  or  analysing  plate  ;  and  if  the  crystals  are  thin 
enough,  the  prismatic  colours  are  shown.  But  when  the  selenite 
stage  is  placed  upon  the  polarizing  plate  on  the  stage  of  the  micro- 
scope, and  therefore  inferior  to  the  analysing  plate  with  the  disul- 
phate of  quinine  beneath  it,  the  appearances  exhibited  are  of  the 
most  gorgeous  character — it  is  in  vain  to  attempt  to  depict  them. 
The  analysing  ])late  of  course  developes  the  colour  of  the  stage 
employed ;  its  whole  breadth  therefore  assumes  the  colour  of  the 
stage  if  at  right  angles  to  the  plane  of  the  plate  below,  or  the 
complementary  tint  if  parallel  to  it.  The  radiating  crystals  of 
disulphate  of  quinine  assume  every  hue  and  tint  of  the  spectrum  : 
the  ex))eriment  must  be  witnessed  to  be  fully  understood  and 
properly  appreciated. 

It  will  be  recollected  that  in  this  experiment  it  is  not  at  all 
necessary  to  employ  a  tourmaline ;  the  whole  phaenomenon  may 
be  exhibited  with  equal  brilliancy  by  using  the  two  plates  of 
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iodide  of  the  disiJphate  of  quinine ;  one  as  a  polarizer,  the  other 
as  an  analyser,  the  selenitc  and  disulphate  of  quinine  being  in- 
tei-posed.  Tliis  will  fully  establish  the  fact  of  this  substance 
possessing  optical  properties  precisely  equivalent  to  those  of  the 
tourmaline,  or  of  a  XicoFs  prism,  and  vaW  be  sufficient  to  show 
that  all  the  phrenomena  capable  of  being  produced  by  the  one 
may  be  exhibited  by  the  other. 

Upon  submitting  these  artificial  polarizing  plates  to  micro- 
metrical  admeasurement,  it  was  found  that  those  which  possessed 
sufficient  thickness  to  adliere  together  in  clusters,  and  to  raise 
themselves  on  their  edges  so  as  to  show  their  thickness,  were 
none  of  them  more  than  y~dth  of  an  inch ;  many  were  about 
one-half  or  one-third  of  this  thickness — q~  or  -g^^dth  of  an 
inch.  But  even  these  were  much  larger  than  any  of  those  thin 
broad  plates  so  readily  broken ;  and  some  of  which,  after  great 
trouble,  were  mounted  and  experimented  with.  The  tourmalines 
commonly  sold  and  employed  for  optical  purposes  are  from  y^^  dth 
to  ^i^dth  of  an  inch  thick ;  such  a  one  as  the  latter  size  was 
employed  in  the  comparative  experiment  above  related,  whence 
it  follows  that  this  newly-discovered  substance  possesses  the 
power  of  polarizing  a  ray  of  light  with  at  least  Jive  times  the  in- 
tensity that  the  best  tourmaline  is  capable  of.  It  must  conse- 
quently be  the  most  powerful  polarizing  substance  kno^^ni,  and 
it  has  been  proved  to  be  a  new  salt  of  a  vegetable  alkaloid. 

32  Old  Market  Street,  Bristol, 
Nov.  30,  1S51. 


XXVII.  Reports  on  the  Progress  of  the  Physical  Sciences. 
By  John  Tyxdall,  Ph.D. 

On  Electric  Currents  of  the  First  and  Higher  Orders.      By  P.  RiESS, 
Poggendorff's  Annalen,  vol.  Ixxxi.  p.  428,  and  vol.  Isxxiii.  p.  309. 

WHEN  an  electric  battery  is  discharged,  the  current  which 
passes  through  the  connecting  wire  is  kno^vn  to  be 
capable  of  inducing  a  secondary  cm-rent  in  another  wire  brought 
near  it ;  and  if  the  secondaiy  current  be  permitted  to  operate 
upon  a  third  wire,  a  tertiary  current  will  be  induced,  which  in 
its  turn  ■n'ill  induce  a  cm'rent  of  the  fourth  order  in  a  fouilh 
wire,  and  so  on.  The  current  which  passes  throiigh  the  wire 
directly  connected  with  the  battery  will  in  the  following  be  called 
the  principal  or  primary  current.  The  object  of  ^I.  Riess  appears 
to  have  been  to  make  a  strict  investigation  of  these  various  cur- 
rents, the  circumstances  under  which  they  appear,  their  influence 
upon  each  other  and  upon  themselves ;  and  finally,  to  clear  up 
the  doubt  which  at  present  exists  as  to  their  directions. 
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Rejecting  the  method  of  inferring  the  strength  of  a  current 
from  its  effect  in  the  magnetization  of  a  steel  needle,  the  author 
makes  the  heating  of  a  line  platinum  wire,  introduced  into  the 
circuit,  and  ])asshig  through  an  air-thermometer  of  his  own  con- 
struction, the  measure  of  the  strength.  The  following  short 
paper,  Avhich  has  been  translated  for  some  time,  and  held  back 
with  the  view  of  presenting  at  once  an  abstract  of  the  whole  of 
this  important  investigation  to  the  readers  of  the  Philosophical 
]\Iagazinc,  establishes  the  fact,  that  not  only  does  the  primary 
current  affect  a  second  wire  placed  near  it,  but  that  the  various 
portions  of  the  said  current  affect  each  other ;  the  strength  of 
the  current  being  thus  proved  to  depend  in  some  measure  npon 
the  shape  of  the  wire  through  which  it  passes. 

It  is  known,  writes  the  author,  that  the  current  of  the  electric 
batteiy  acts  inductively  upon  the  mass  of  the  connecting  wire.  If 
a  second  conducting  wire  be  connected  with  two  points  of  the 
original  circuit,  the  action  of  the  induced  current  maybe  exhibited, 
partly  in  a  direct  manner,  and  partly,  as  I  have  already  shown,  by 
the  disturbances  which  the  laws  of  the  branch  current  experience. 
From  this,  however,  it  does  not  follow  that  in  the  simple  con- 
necting wire  itself  the  induced  cm-rent  will  exhibit  any  sensible 
action ;  for  in  this  case,  as  it  has  no  circle  to  move  in,  its  effect 
must  be  very  small  in  comparison  with  that  of  the  original  cur- 
rent. The  question,  whether  by  an  ajiproximation  of  two  por- 
tions of  the  connecting  wire  an  alteration  of  the  current  of 
discharge  takes  place,  must  be  referred  to  experimental  decision. 
This  experiment  was  made  by  me  long  ago  with  26  feet  of  wire 
wound  into  two  plane  spirals  which  were  brought  near  each 
other,  the  heating  of  the  wire  in  the  remaintag  portion  of  the 
circuit  being  at  the  same  time  observed.  There  was  no  differ- 
ence exhibited  from  which  any  inference  could  be  drawn.  Similar 
experiments  were  made  afterwards  by  Hankel  with  317  feet  of 
Mare,  which  was  wound  into  two  cylindrical  spirals.  To  test  the 
current,  however,  Hankel  chose,  not  the  heating  of  the  wire,  but 
the  magnetization  of  steel  needles  which  lay  near  it,  and  which, 
by  successive  charges  of  the  battery,  were  magnetized;  the 
magnetization  was  found  different  according  to  the  manner  in 
which  the  spirals  were  united.  We  have  here  gained  a  parti- 
cular fact  of  considerable  interest,  but  the  general  question  raised 
by  me  remains  still  unanswered.  The  question  was,  when  two 
portions  of  the  current  are  in  a  certain  manner  brought  close 
together,  is  this  act  accompanied  by  an  increase  of  the  tempe- 
rature of  the  wire,  or  by  a  decrease  thereof,  or  docs  the  tempera- 
tm-e  remain  unchanged  ?  The  experiments  on  magnetizing  de- 
cide none  of  these  questions ;  and  I  found  myself,  therefore,  com- 
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pelled  to  return  to  my  old  method  of  experiment,  applying  at 
tlie  same  time  a  more  powerful  apparatus.  Two  flat  spirals, 
each  of  which  consisted  of  53i  feet  of  copper  ^\'ire  wouud  into 
31  coils,  were  set  one  after  the  other  in  a  cii'cuit  which  con- 
tained a  sensitive  air-thermometer.  The  combination  of  the 
spirals  with  the  battery  and  vrith.  each  other  was  so  arranged, 
that  the  current  could  enter  both  at  the  same  place  (centre  or 
rim),  or  at  different  places ;  the  directions  of  the  current  in  the 
spirals  being  in  the  former  case  alike,  and  in  the  latter  case 
opposite.  The  spirals  were  flrst  placed  at  a  distance  of  about 
9  inches  apart,  and  stood  oblique  to  each  other  (the  straight 
line  which  joined  their  centres  made  an  oblique  angle  with  their 
surfaces),  and  the  following  temperatures  were  observed.  The 
balls  of  the  unit-jar  were  i  a  line  apai-t.  The  temperature  for 
the  unit  of  charge  is  the  mean  value  of  the  constant  a  in  the 

formula  0  =  a  —  *. 


Quantity  of 

Principal  current  in  the  spirals. 

In  the  same 

In  opposite 

Number  of  jars  s. 

electricity  q. 

direction. 

directions. 

Temperature  ^. 

3 

6 

13-5 

13-2 

8 

22'2 

227 

10 

34-9 

340 

4 

6 

lUo 

10-4 

8 

i;-5 

177 

10 

270 

270 

5 

6 

8-0 

8-8 

S 

147 

14-8 

10 

21-8 

21-0 

Unit  of  charge 

(Ml) 

(Ml) 

The  equality  of  the  temperatures  exhibited  when  the  directions 

*  Let  5  be  the  quantity  of  electricity,  and  y  its  mean  density ;  then  the 
time  of  discharge  being  tbrcctly  as  the  quantity,  and  inversely  as  the  den- 

sitv,  will  be  -i.     But  the  strength  of  the  current,  or  what  is  the  same,  its 

y    .      . 
heating  power,  is  directly  as  the  square  of  the  quantity,  and  inversely  as  the 

aq" 
time  of  discharge ;  hence  it  is  =  —  =agy,  where  c  is  a  constant.  Fm-ther, 

.y        .  . 
the  density  t/  is  equal  to  the  quantity,  divided  by  the  sm-face  over  which  it 

is  spread  ;  hence  =  -,  when  s  =  the  suiface  of  the  battery.  Substituting 
this  value  of  y  in  the  above  expression,  we  have  the  strength  of  the  cur- 
rent, or  (j)=za  —, 
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of  the  current  through  both  spirals  were  the  same  and  when  they 
were  opposite,  compels  the  conclusion,  that,  in  the  position  above 
described,  the  wires  exercise  no  intlucnce  u])on  each  other,  which 
result  was  indeed  anticipated.  The  spirals  were  now  set  nor- 
mally opposite,  and  brought  within  a  line  of  each  other.  In  the 
following  experiments  the  combinationsof  the  spirals  were  essen- 
tially the  same  as  in  the  former ;  the  observations  differing  merely 
therein,  that  for  the  first  vertical  column,  under  the  head '  Tem- 
perature,^ the  thermometer  stood  nearest  to  the  inner  coating  of 
the  battery,  while  for  the  second  column  the  spirals  were  nearest 
to  the  same  coatinsr. 


Principal  current  in  the  same  direction  through  both  spirals. 

Number  of  jars. 

Quantity  of  elec- 
tricity. 

Temperature. 

3 

6 

11-9 

11-8 

8 

200 

20-6 

10 

31-5 

30-8 

4 

6 

9-2 

93 

8 

15-6 

161 

10 

240 

24-8 

5 

6 

7-8 

7-8 

8 

13 

13-2 

10 

19 

19-2 

Unit  of  charge 

... 

(0-98) 

(0-99) 

Principal  current  in  opposite  directions  through 

the  spirals. 

3 

6 

141 

14-7 

8 

23-3 

24-4 

10 

36-5 

370 

4 

6 

11-2 

10-6 

8 

18-9 

18-6 

10 

28 

27-7 

5 

6 

92 

9-4 

8 

1.V8 

14-7 

10 

237 

23-0 

Unit  of  charge 

... 

(MS) 

(M7) 

A  comparison  of  these  results  with  those  first  obtained  shows 
that  an  alteration  of  the  current  takes  place  when  one  portion  of 
the  connecting  wire  is  brought  near  to  another  and  parallel  to  it. 
In  order  to  express  the  result  in  a  brief  manner,  let  the  connecting 
wire  be  conceived  to  be  of  three  diiferent  shapes ;  stretched  out 
straight,  bent  into  the  form  of  a  U,  and  bent  into  the  form  of 
an  N  (the  two  parallel  sides  of  the  latter  being  brought  veiy 
near  each  other).  The  discharge  of  a  battery  through  the  N  form 
gives  the  feeblest  result,  that  through  the  U  form  the  strongest, 
the  current  through  the  straight  wire  being  intermediate  between 
both.  In  general  the  modification  of  the  current  is  so  incon- 
siderable, that  in  common  experiments  with  the  battery  it  may 
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be  entii'ely  neglected.  To  place  the  fact  beyond  doubt,  we  see 
that  it  is  necessaiy  to  place  107  feet  of  a  current  119  feet  in 
length  within  a  line  of  each  other,  by  binding  them  into  two 
spirals,  the  most  distant  parts  of  each  of  these  bemg  not  more 
than  a  foot  apart.  In  the  wire  screws,  used  so  frequently  in  the 
circuit  for  the  sake  of  sparing  room,  the  distance  between  two 
windings  is  much  less  than  the  diameter  of  the  screw ;  hence  a 
wire  wound  into  this  form  must,  as  in  the  case  of  the  N  wire, 
principally  weaken  the  cm-rent. 

In  the  series  of  experiments  given  above,  the  spirals  were 
united  by  a  copper  vriv&  29  inches  long  and  fths  of  a  line  in 
thickness.  The  measured  currents  bore  nearly  the  folloT,\ing 
proportions  to  each  other : — 

\Mthout  the  action     Current  in  same  direction.     Current  in  opposite  directions, 
of  the  spirals.      N  combination  of  the  spirals.      U  combination  of  the  spirals. 
100  89  106 

The  connecting  wire  was  exchanged  for  one  of  39|  inches  in 
length  and  ^i\\  of  a  line  thick.  Out  of  twenty-seven  observa- 
tions, the  following  numbers  were  found  for  the  respective 
currents : — 

100  91  106 

Finally,  a  steel  wire,  34A  inches  in  length  and  /jths  of  a  line  in 
thickness,  was  introduced,  and  with  this  I  obtained  the  following 
numbers : — 

100  88  109 

The  phsenomenon  is  therefore  independent  of  the  retarding  value 
of  the  ^"ire  which  unites  the  spirals ;  for  here  we  have  very  dif- 
ferent values  of  retardation,  but  cm-rents  of  almost  the  same 
proportions.  In  all  these  cases  the  increase  of  the  current  is  less 
than  the  diminution,  which  therefore  must  not  be  regarded  as 
an  accidental  circumstance. 

The  result  established  may  be  thus  expressed : — 
Two  portions  of  the  connecting  ivire  of  a  battery,  which  run 
closely  parallel,  act  upon  each  other.      The  current  will  be  iceahened 
by  this  action  when  its  two  parallel  portions  move  in  the  same 
direction,  and  strengthened  when  they  move  in  opposite  directions. 


The  secondary  current. — To  excite  a  secondary  current,  two 
wires  must  be  placed  near  each  other ;  the  most  convenient  way 
of  effecting  this  being  to  \vm(\.  them  into  spirals  either  as  discs 
or  cylinders  (v»x  shall  call  them  in  futm-e  induction-discs,  or  in- 
duction-cylinders). From  former  experiments  the  author  was 
led  to  conclude,  that  the  heating  in  the  thermometer  was  pro- 
portional to  the  number  of'  coils ;  but  this  is  only  approximately 
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correct,  as  the  following  experiments  prove.  It  will  add  much 
to  the  readcr^s  comfort  if  a  clear  conception  of  the  arrangement 
of  the  sj)irals  and  thermometer  be  obtained.  In  the  case  now 
to  be  described  there  were  two  circuits,  a  primary  and  a  secon- 
dary ;  in  the  primary  circuit  were  the  battery  and  two  induction- 
discs  placed  one  after  the  other,  and  in  the  secondary  circuit 
two  others  of  the  same  size,  and  the  air-thennomcter ;  the  two 
primaiy  spirals  were  connected  by  a  wire  which  proceeded  from 
the  centre  of  one  to  the  rim  of  the  other,  and  the  two  secon- 
daries were  united  in  the  same  manner ;  the  other  ends  of  the 
secondary  spirals  were  connected  with  the  thermometer.  The 
experiments  were  made  in  the  following  manner: — First,  one 
secondary  was  placed  parallel  to  its  primaiy  and  two  lines  distant 
from  it ;  the  battery  was  discharged,  aud  the  power  of  the  sccon- 
daiy  current  was  observed  on  the  thermometer ;  secondly,  the 
other  secondary  spiral  was  brought  within  two  lines  of  its  pri- 
mary, the  two  former  being  wadely  separated,  and  the  heating 
was  again  observed;  thirdly,  both  Secondaries  were  brought  wdthin 
two  lines  of  both  primaries,  and  the  strength  of  the  current  in- 
duced in  the  whole  secondary  circuit  was  ascertained :  the  fol- 
lowing are  the  results  of  these  experiments  : — 


Number  of  jars. 

Quantity  of 

Heating  with 

r 

1 

1st  spiral. 

2nd  spiral. 

Both  spirals. 

3 

8 

10-8 

101 

18-2 

10 

16 

15 

27-3 

12 

211 

21-5 

38-3 

4 

8 

7-7 

7-7 

13-8 

10 

11-4 

11-8 

21  0 

12 

16-2 

16-5 

30-5 

Unit  of  charge 

0-47 

046 

0-84 

These  experiments  prove  that  the  strength  of  the  secondaiy 
current  increases  in  a  somewhat  smaller  ratio  than  the  length  of 
the  wire,  a  result  which  might  be  predicted  when  the  reaction  of 
the  secondary  upon  the  primary  current  is  taken  into  account. 
Thus,  if  wc  imagine  the  secondary  circuit  divided  into  two 
portions,  the  sum  of  the  actions  of  both  portions,  taken  sepa- 
rately, is  greater  than  the  action  of  both  together. 

The  reaction  of  the  secondaiy  current  upon  the  primaiy  was 
demonstrated  by  foi-mer  experiments  in  the  following  manner : — 
The  primaiy  circuit  contained  two  induction-discs,  as  in  the  case 
just  described.  Opposite  to  each  of  these  was  placed  a  secon- 
daiy disc,  which  could  be  closed  so  as  to  form  a  continuous  cir- 
cuit in  itself;  the  secondary  discs  were  first  left  open,  and  the 
strength  of  the  primary  current  was  measured;  the  secondaiy 
discs  were  next  closed  by  short  copper  wires,  and  the  primary 
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current  was  again  measured ;  the  strength  of  the  latter  was  found 
to  be  quite  unchanged  by  this  closing  of  the  spirals.  If,  how- 
ever, instead  of  being  closed  by  a  short  copper  wire,  the  ends  of 
one  of  the  secondary  spirals  were  united  by  increasing  lengths  of 
fine  platinum  wire,  the  principal  current  was  observed  to  decrease 
to  a  certain  limit,  from  which  forward  it  increased.  A  secondary 
current  induced  by  a  primary  thus  circumstanced  may  be  ex- 
pected to  partake  of  the  ductuations  of  the  latter,  which  conclu- 
sion has  been  established  experimentally  by  the  author  in  his 
present  investigation.  The  primaiy  chcuit  contained  two  induc- 
tion-discs, and  the  secondary  two  others ;  the  ends  of  one  of  the 
secondaries  were  imited  to  the  thermometer  by  short  copper 
wire ;  the  two  ends  of  the  other  secondary  were  united,  first 
by  a  short  copper  wire,  and  afterwards  by  increasing  lengths  of 
platinum  wire  of  0*028  of  a  line  radius.  The  following  table 
gives  the  result  of  the  experiments  : — 

Closing  of  the  second  spiral. 
Copper leinches.  Platinum  1-98  feet.    5-95     17-9     37-6     97-3 

Secondary  current  in  the  first  spiral. 

100  75  53       35         37        51 

Here  we  observe  that  the  effect  of  the  platinum  wire  in  weak- 
ening the  principal  cm"rent  was  a  maximum  when  its  length  was 
17-9  feet  j  and  that  the  effect  of  a  wii-e  5-95  feet  in  length  was 
very  nearly  equal  to  that  of  a  wive  97"2  feet  in  length. 

The  mediate  action  of  one  secondary  cm-rent  upon  another  is 
established  by  the  foregoing  experiments ;  for  the  secondary 
current  in  a  spu'al  is  shown  to  be  modified  by  the  action  of  an- 
other distant  secondary  spiral  upon  the  principal  cm'rent.  But 
the  direct  action  of  one  secondary  upon  another  can  also  be 
showTi  by  permitting  both  to  be  induced  by  the  same  portion  of 
the  primaiy  cii'cuit.  The  experiment  is  frequently  so  arranged, 
that,  besides  the  spiral  whose  secondaiy  current  is  obsened, 
another  spiral  is  introduced,  either  between  the  former  and  the 
primary  cii'cuit,  or  at  the  opposite  side  of  the  latter.  Instead  of 
spirals,  metallic  bodies  have  been  sometimes  introduced ;  and  it 
has  been  found  that  the  better  conductor  the  body  is,  the  greater 
will  be  the  weakening  of  the  secondary  current ;  to  this  action 
Henry  has  applied  the  term  "  screening.'^  The  precise  action 
which  takes  place  will  perhaps  be  best  miderstood  from  the  dis- 
cussion of  the  next  table,  which  contains  the  residts  of  a  number 
of  experiments  conducted  in  the  following  manner  : — Round  a 
wooden  cyhnder,  13  inches  high  and  6|  inches  diameter,  three 
copper  wires  were  woimd  spirally.  Each  wire  was  y2ths  of  a 
line  in  thickness,  53  feet  long,  and  made  31  revolutions,  possess- 
ing a  '  pitch  ^  of  4^  lines.     The  first  spiral  was  introduced  into 

N2 
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the  primary  circuit,  the  second  was  connected  with  the  thermo- 
meter, and  the  third  was  closed  by  wires  of  successively  increa- 
sing retarding  values.     The  results  obtained  arc  as  follows  : — 


Closing  the  3rd  spiral  by 

Length. 

Retarding 

value. 

Value  of  the  secondary 
current  in  the  2nd  spiral. 

100. 

Copper  0"'-31  rad 

23  inches. 

31 

61 

do. 

44     ... 

6-9 

63 

do. 

67    ... 

90 

69 

53  feet. 

85-6 

93 

Platinum  0'"-04098  rad. 

59-2  lines. 

254 

66 

do.     0  02857      ... 

0-49  feet. 

609 

59 

do. 

1-98    ... 

2435 

56 

do. 

5-95     ... 

7298 

59 

do. 

7-94     ... 

9737 

62 

do. 

9-92     ... 

12162 

66 

do. 

11-9       ... 

14587 

69 

do. 

13-9       ... 

17093 

70 

do. 

19-8       ... 

24269 

77 

do. 

29-7       ... 

36399 

81 

do. 

43-6       ... 

^  53429 

87 

do. 

63-5       ... 

77809 

90 

do. 

79-3       ... 

97169 

92 

do. 

103-2       ... 

126459 

97 

When  the  third  spiral  was  open,  the  value  of  the  secondary 
current  induced  in  the  second  was  100 ;  the  uniting  of  the  ends 
of  the  third  spiral  by  a  copper  wire  23  inches  in  length  brought 
the  secondary  current  down  to  61.  Now  it  is  proved  by  expe- 
riment, that  the  action  of  a  secondary  spiral  upon  the  primary 
current  when  its  ends  are  connected  by  a  wire  of  the  above 
length  (23  inches),  is  just  the  same  as  if  the  spiral  were  left  open ; 
hence  the  diminution  of  the  secondary  current  is  due,  not  to  any 
modification  which  the  jirimary  has  undergone,  but  to  the  direct 
action  of  the  other  secondary.  The  tirst  four  of  these  experi- 
ments show,  moreover,  that  the  stronger  the  current  in  the  third 
spiral,  the  greater  is  the  amount  of  weakening  in  the  second*. 
Ey  increasing  the  resistance  in  the  third  spiral,  the  primary  cur- 
rent at  length  becomes  modified,  and  a  decrease  of  the  current 
in  the  second  spiral  up  to  a  certain  jioint  is  the  consequence ; 
from  this  point  forward  the  current  again  increases,  until  with 
a  retai'diug  value  of  126-159  it  attains  almost  the  same  strength 
which  it  possessed  when  the  third  spiral  was  altogether  inactive. 
The  result  of  this  immediate  and  mediate  action  of  the  one  secon- 
dary upon  the  other,  is  the  occurrence  of  two  maxima  and  two 
nunima  in  the  series  of  observations. 

*  Hence  tlie  formation  of  a  secondary  current  is  checked  by  permitting 
the  primary  ^vire  to  excite  a  second  secondary  at  the  same  time ;  the 
reader  Avill  do  well  to  remember  this,  as  the  circumstance  is  tm'ned  to 
account  further  on. 
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The  dependence  of  tlie  principal  current  on  the  shape  of  the 
wire  through  which  it  passes^  or  in  other  words,  the  action  of 
the  cui'rent  upon  itself,  has  been  ah'eady  demonstrated.  This 
action  is  exhibited  in  a  more  striking  degree  by  the  secondary 
current.  A  small  induction-disc  was  introduced  into  the  pri- 
maiy  circuit,  and  a  corresponding  one  into  the  secondary  circuit ; 
the  remaining  portion  of  the  secondaiy  circuit  consisted  of  4;^'7 
feet  of  copper  wire  ^t^^^  ^^  ^  ^^^^  ^^^  thickness,  and  the  wire  of 
the  thermometer.  The  44*7  feet  of  copper  wire  were  iii'st  so 
stretched  out,  that  when  a  secondary  current  passed  through  it 
the  action  of  one  portion  of  it  upon  another  was  null,  and  the 
strength  of  the  secondary  current  under  these  circumstances  was 
measured.  The  same  ^vire  was  then  wound  into  a  spiral  shape, 
the  form  alone  of  the  circuit  being  thus  altered,  its  length  re- 
maining as  before,  and  the  strength  of  the  secondary  current  in 
this  case  was  also  measured.  The  following  are  the  results  ob- 
tained : — 


In  the  secondary  circuit  44  feet  copper  wire. 

stretched  out. 

In  form  of  a  plane  spiral. 

Number  of  jars,     ^an^yc-f 

Heating. 

Numberofjars.|Q-^^^f 

Heating. 

3 

Unit  of  charge 

10 
12 
14 

5-9 
7-4 
91 
016 

3 

20 
25 

2-2 

3-8 
0017 

Thus  we  see  that  by  a  mere  alteration  of  the  form  of  the  cir- 
cuit, without  any  diminution  whatever  of  its  length,  the  secondary 
cm'rent  is  weakened  in  the  proportion  of  100  :  11.  In  this  case 
the  direction  of  the  secondary  current  was  the  same  in  both  the 
spirals  through  which  it  passed,  the  shape  of  the  circuit  being 
therefore  that  which  has  already  been  illustrated  by  the  letter  N ; 
we  observe  that  the  effect  of  this  shape  is  exactly  similar  to  that 
which  occurs  in  the  primary  circuit  under  the  same  circumstances. 

The  large  proportion  of  the  entire  circuit  which,  in  the  above 
experiment,  received  the  spiral  form,  accounts  for  the  magnitude 
of  the  diminution ;  in  the  following  experiments  another  arrange- 
ment was  adopted.  From  a  copper  wii'e  |ths  of  a  line  in  thick- 
ness, three  portions,  each  53  feet  long,  were  cut ;  the  first  was 
stretched  out  so  that  no  action  could  occur  between  its  parts ; 
the  second  was  wound  into  a  plane  spiral,  similar  to  the  induc- 
tion-discs so  often  alluded  to ;  and  the  third  was  carried  back 
and  forward,  in  a  zigzag  manner,  from  side  to  side  of  an  oblong 
frame  about  a  foot  in  width ;  twenty-five  Us  were  thus  formed, 
the  legs  of  which  were  1'2  line  apart.     In  order  to  limit  the 
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action  to  that  of  the  one  leg  of  the  same  U  upon  the  other,  and 
prevent  its  extension  from  U  to  U,  each  aUeniate  U  was  bent 
upward,  so  as  to  form  an  angle  of  50  or  GO  degrees  with  the 
horizon.  A  hu-ge  induction-disc  was  placed  in  the  primary  cir- 
cuit, and  a  corresponding  one  in  the  secondary  circuit,  which, 
together  with  this,  contained  the  thermometer  and  one  of  the 
lengths  of  copper  wire  just  described.  The  current  through  the 
stretched-out  wire  was  first  proved,  then  through  the  spiral,  and 
finally  through  the  system  of  Us.  The  following  are  the  results 
obtained : — 


Number  of  jars. 

Quantity  of 
electricity. 

In  the  secondary  circuit  53  feet  copper  wire. 

Stretched  out. 

As  plane  spiral. 

As  U-arrange- 
ment. 

Heating. 

3 

4 

Unit  of  charge 
Proportion  ... 

6 

8 

10 

12 

6 

8 

10 

12 

9-6 
16-2 
24-5 

■*7'5 
12-8 
18-8 

"  o'78 
100 

10-8 

16 

21-2 

"77 
11-4 
16-2 
0-47 
60 

11-5 
18-3 
2; 

8-2 
15-2 
21-2 

0-89 
114 

The  strength  of  the  secondary  current,  when  no  action  takes 
place  between  its  various  parts,  is  thus  shown  to  be  interme- 
diate between  those  of  the  N-form  and  U-fonn.  In  passing 
through  the  former,  the  current  is  weakened  in  the  ratio  of 
100 :  60,  while  in  passing  through  the  latter  it  is  strengthened 
in  the  ratio  of  100  :  114.  The  law  of  the  primary  current  is 
therefore  applicable  to  the  secondary  : — Two  portions  of  a 
secondary  current  which  run  closely  parallel,  act  upon  each  other  : 
when  the  directions  of  the  current  throvyh  both  portions  are  iden- 
tical, a  weakening  is  the  consequence ;  and  when  the  directions  in 
both  portions  are  opposed  to  each  other,  a  strengthening  of  the  cur- 
rent is  the  result. 

"Wliat  is  the  cause  of  this  ?  During  his  investigation  of  the 
primary  current,  M.  Kiess  conjectured  that  the  action  of  the  pri- 
mary upon  itself  was  due  to  the  formation  of  a  secondary  current 
in  the  primary  wire.  Consistent  with  this  view,  we  should  infer 
that  the  action  of  the  secondary  upon  itself  is  due  to  the  forma- 
tion of  a  tertiary  current  in  the  mass  of  the  secondary  wire,  an 
inference  which  the  author  has  established  experimentally  in  the 
follo^^^ng  manner : — It  has  already  been  shown  that  a  secondary 
current  is  greatly  weakened  if  the  portion  of  the  primary  wire 
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which  excites  it  excite  at  the  same  time  a  second  secondary  in  a 
well-closed  circuit,  a  case  to  which  the  reader's  attention  has 
been  directed  in  a  note ;  hence  the  possibility  of  lessening  the 
supposed  tertiary  current  by  the  intentional  formation  of  a  second 
tertiary.  This  was  effected  as  follows : — The  primary  circuit 
contained  a  large  induction-disc ;  the  secondary  circuit  a  similar 
one,  the  wire  of  the  thermometer  and  53  feet  of  copper  wire, 
which  was  first  stretched  out,  and  afterwards  exchanged  for  a 
plane  or  a  cylindrical  spiral  formed  from  the  same  length  of 
wire.  Parallel  to  this  plane  or  cylindrical  spiral,  and  at  about  a 
line  distant  from  it,  ran  another  spiral,  which  we  shall  call  the 
tertiary  spiral ;  the  secondary  current  was  first  measured  while 
the  tertiary  spiral  remained  open,  and  afterwards  when  it  was 
closed  by  23  feet  of  copper  wire.    The  following  are  the  results  : — 


In  the  secondary  circuit  53  feet  of  copper  wire. 

Stretched  out. 

As  cylindrical  spiral. 

As  plane  spiral. 

Tertiary  spiral 
closed. 

Tertiary  spiral 
closed. 

100 

74 

98                     65 

95 

The  secondary  current,  which,  with  a  stretched-out  wire,  had 
the  value  of  100,  was  weakened  to  74  when  the  same  length  of 
wire  was  wound  to  the  shape  of  a  cylindrical  spiral,  and  to  65 
when  its  shape  was  that  of  a  plane  spiral.  But  on  permitting 
of  the  formation  of  a  tertiary  current  by  closing  the  ends  of  the 
tertiary  spiral,  the  current  rose  to  98  and  95  in  these  respective 
cases.  Thus  the  production  of  a  second  tertiary  checked,  as 
conjectured,  the  formation  of  the  one  to  which  the  weakening  of 
the  secondary  was  due,  a  striking  increase  of  the  latter  being 
the  consequence.  It  was  proved  by  other  experiments  that  the 
strengthening  of  the  secondary  current  by  the  U-form  of  its 
wire  is  also  due  to  the  formation  of  a  tertiary  current  in  the 
mass  of  the  latter. 

Following  up  the  system  of  procedm-e  indicated  in  the  fore- 
going pages,  M.  Riess  has  subjected  currents  of  the  third,  fourth, 
and  fifth  orders  to  experimental  examination.  The  laws  of  ac- 
tion in  each  respective  case  are  precisely  the  same  as  those  which 
apply  to  the  secondary  current,  and  which  we  have  just  described. 
The  tertiary  reacts  upon  the  secondary  in  a  manner  similar  to 
the  reaction  of  the  secondary  upon  the  primary;  in  fact,  the 
relation  of  any  given  cm*rent  to  that  of  the  next  higher  order  is 
in  all  respects  that  of  primary  to  secondary ;  the  tertiary  cur- 
rent is  modified  by  changing  the    shape   of   its  wire,  being 
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weakened  by  the  N-fomi  and  strengthened  by  the  U-form  thereof; 
and  the  same  is  true  of  currents  of  all  other  orders. 

With  regard  to  the  directions  of  these  currents  much  uncer- 
tainty exists ;  Henry,  Matteucci,  Verdct  and  Knochenhauer  have 
given  utterance  to  various  and  contradictory  opinions  on  this 
subject.  With  admirable  ingenuity  M.  liiess  has  brought  the 
foregoing  experiments  to  bear  upon  this  point.  Let  us  suppose 
an  induction-disc  to  be  placed  in  the  })rimaiy  circuit,  and 
parallel  to  it  another  ^nth  its  ends  united,  thus  forming  an  iso- 
lated circuit  in  itself.  The  passage  of  a  current  through  the 
former  will  arouse  an  induced  current  possessing  a  certain  direc- 
tion^  either  opposed  to  the  primary  or  coincident  with  it,  in  the 
latter.  Without  altering  the  relative  position  of  the  discs,  let 
the  second  one  be  conceived  to  be  brought  into  the  primary 
circuit ;  the  current,  in  passing  through  the  first,  will,  as  in  the 
former  case,  induce  a  current  in  the  second;  biit  now  primary 
and  secondary  are  in  the  same  wire,  and  it  evidently  depends 
upon  the  manner  in  which  the  two  discs  are  connected  with  each 
other  Mdiether  both  currents  meet  in  opposition*  or  flow  on  in 
the  same  direction.  If  by  the  N-combination  secondary  and 
primary  flow  on  together,  then  by  the  U-combination  they  will 
oppose  each  other,  and  vice  versa.  Now  the  constant  weakening 
efiect  of  the  N-form,  and  strengthening  cftcct  of  the  U-form  in 
currents  of  all  orders,  demonstrate  a  constant  relation  between 
the  directions  of  the  induced  and  inducing  currents.  If  the 
relation  of  any  one  secondary  to  its  primaryf,  with  respect  to 
direction,  be  determined,  the  same  relation  holds  good  in  all 
other  cases ;  if  the  currents  have  the  same  direction  in  one  case, 
they  will  have  it  in  all  cases ;  if  opposed  once,  they  are  opposed 
throughout  the  entire  series.  Commencing  at  the  current  which 
passes  direct  from  the  battery,  it  is  easy  to  see  that  whatever  be 
the  direction  of  the  secondary  which  it  arouses,  the  tertiary 
evoked  by  the  secondaiy  must  necessarily  have  the  same  direc- 
tion as  the  current  passing  from  the  battery ;  for  if  the  second- 
ary be  opposed  to  the  primary,  the  tertiaiy  will  be  opposed  to 
the  secondary,  and  hence  have  the  same  direction  as  the  pri- 
mary ;  and  if  the  secondary  have  the  same  direction  as  the  pri- 
maiy,  the  whole  series  will  have  this  direction.  Thus  we  arrive 
at  the  following  neccssaiy  conclusion: — Currents  of  the  third, 
fifth,  and  other  odd  orders,  have  the  same  direction  as  the  original 

*  We  must  guard  ourselves  here  against  the  notion  that  the  opposition 
of  primary  and  secondary  is  in  any  degree  similar  to  the  mechanical  oppo- 
sition of  two  forces,  or  even  to  the  opposition  of  two  cm-rents  of  the  same 
order. 

t  The  terms  secondary  and  primary  arc  used  here  in  a  relative,  not  in 
an  absolute  sense. 
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current ;  and  those  of  the  second,  fourth,  and  other  even  orders, 
have  among  themselves  one  and  the  same  direction. 

With  regard  to  the  direction  of  the  currents  of  even  orders  as 
compared  with  that  of  the  primaiy  cui'rent,  the  author  arrives 
at  the  probable  conchisioUj  that  they  also  have  the  same  direc- 
tion as  the  primary;  but  as  this  portion  of  the  subject  remains 
hypothetical,  we  will  content  ourselves  with  the  mere  indication 
of  the  author^s  opinion. 

Queenwood  College, 
November  1851. 


XXVIII.   On  some  Thermo-electrical  Ea>periments. 
By  Richard  Adie,  Esq. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 
Gentlemen,  Liverpool,  Feb.  10, 1852. 

I  SHOULD  be  glad  to  be  allowed  to  avail  myself  of  the  me- 
dium of  your  Journal  to  give  a  brief  notice  of  some  thermo- 
electrical  experiments  which  I  made  in  the  years  1842  and  1843*, 
and  which  I  beheve  may  be  of  sernce  in  elucidating  some  of  the 
residts  noted  in  your  February  Xumber  in  Dr.  TyudalPs  inter- 
esting review  of  Professor  Magnuses  researches  on  this  subject. 

Where  thermo-electrical  couples  are  formed  of  feebly  thermo- 
electric agents,  such  as  bars  of  the  same  metal  in  different  states 
of  density,  particularly  of  the  softer  malleable  metals,  the  elec- 
trical force  developed  is  so  weak,  that  slight  changes  in  the  mode 
of  manipulation,  or  small  cUiFerences  in  the  elements  employed, 
which  are  either  unkno^^^l  to  the  operator  or  are  generated 
during  his  experiment,  will  produce  contradictoiy  results.  On 
which  account  it  appears  to  me  to  be  better  to  leave  that  class  of 
agents  and  first  study  the  production  of  thermo-electricity  by 
metals,  where  the  force  is  so  decided,  that,  in  the  hands  of  dif- 
ferent experimenters,  uniform  actions  can  be  obtained. 

Steel  is  a  substance  possessed  of  the  advantage  of  being  readily 
changed  iu  density  in  opposite  directions  by  two  modes  of  hard- 
ening; and  as  these  different  methods  are  accompanied  by  a 
thermo-electrical  current  governed  in  its  direction  by  the  kind 
of  hardening  employed,  the  experiments  with  steel  appear  to  me 
to  show  that  the  molecular  arrangement  of  the  particles  of  a 
body  exercises  a  constant  influence  over  the  thermo-electrical  cui'- 
rents  generated  bj"  the  unequal  heating  of  it.  ^ATien  a  couple  is 
made  bv  ioinins;  to  a  bar  of  soft  steel  a  similar  bar  hardened  by 
hammering,  on  heating  the  jimction  of  the  steel  in  the  two  dif- 
ferent states  an  electrical  cuiTent  passes  from  the  soft  to  the  hard. 

*  See  Edinburgh  Philosophical  Joiuiial,  Nos.  70  and  71. 
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Again,  with  a  bar  of  soft  steel,  and  a  similar  bar  made  hard  and 
light  by  the  wcll-kno\Yn  ]n'ocess  of  heating  and  immersing  in  cold 
water,  the  thermo-electric  action  in  this  arrangement  is  from  the 
hard  and  light  part  to  the  soft  and  more  dense  portion  of  the 
metal ;  in  this  respect  differing  from  the  first  couple,  where  the 
cm-rent  ])as8ed  to  the  denser  side  of  the  two  pieces  of  metal.  A 
couple  formed  of  hard  and  soft  steel  elements  affords  another 
good  proof  of  the  influence  of  the  molecular  state  of  a  bar  over 
the  thermo-electrical  currents  generated  by  the  unequal  heating 
of  it,  the  hardening  of  the  steel  being  effected  by  heating  and 
quenching  in  water.  The  energy  of  the  action  of  such  a  mono- 
thermo-electric  couple  is  very  decided  while  the  hardened  steel 
is  undergoing  the  process  of  softening ;  but  after  this  has  been 
effected  by  the  heat  applied,  the  arrangement  loses  all  its  energy, 
thus  clearly  showing  a  connexion  between  the  molecular  state  of 
the  bar  and  its  power  to  generate  thermo-electrical  currents.  By 
casting  bars  of  antimony  in  hot  and  cold  moulds,  thermo-elec- 
tric couples  can  be  made  of  this  metal  which  exactly  resemble 
steel  in  their  action ;  but  they  are  not  so  uniform  in  their  indi- 
cations, the  hardening  and  softening  of  antimony  being  much 
less  easily  controlled. 

The  metals  bismuth  and  antimony  occupy  in  thermo-electric 
batteries  the  same  relative  position  that  zinc  and  platina  do  in 
hydro-electric  arrangements, — the  bismuth  corresponding  to  the 
zinc,  the  antimony  to  the  platina.  When  bismuth  and  antimony 
are  long  employed  in  generating  thermo-electricity,  the  antimony, 
like  the  platina  of  the  hydro-electric  battery,  is  found  unaltered, 
while  a  minute  change  is  always  observed  on  the  bismuth ;  this, 
then,  points  to  bismuth  as  the  active  agent  in  developing  the 
thermo-electrical  current,  in  the  same  manner  as  zinc  is  in  the 
hydro-electric  couple.  Bismuth  is  a  metal  possessed  of  some 
remarkable  properties,  and  it  is  to  these  that  we  should  naturally 
turn  to  examine  the  origin  of  the  thermo-electric  current.  A 
bar  of  bismuth  and  antimony  soldered  with  bismuth  only  for  a 
solder,  when  put  by  the  aid  of  a  gas  flame  into  as  energetic  action 
as  the  fusing  temperature  of  bismuth  will  admit  of,  dcvelope 
electricity,  which  if  used  to  precipitate  copper  or  silver  after  the 
well-known  manner  of  the  electrotype,  will  after  the  lapse  of  a 
few  months  give  a  precipitation  equivalent  to  the  weight  of  the 
antimony  and  bismuth  employed ;  for  this  action  a  reaction  must 
be  found  somewhere ;  all  that  the  couple  shows,  is  a  minute 
allotropic  change  of  the  bismuth  where  it  has  been  in  contact 
with  the  antimony.  When  I  first  made  this  experiment,  I  was 
inclined  to  believe  that  the  small  action  in  the  joint  was  the 
equivalent  of  the  chemical  effect  produced  at  the  electrodes ;  but 
subsequent  reflection  inclines  me  to  doubt  the  accuracy  of  this 
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view ;  for  however  indispensable  these  minute  molecular  changes 
may  be  for  the  production  of  themio-electrical  currents,  they  do 
not  appear  sufficient  to  account  for  the  chemical  effects  obtained  j 
but  if  it  could  be  sho^Ti  that  the  contact  of  dissimilar  metals,  or 
of  dissimilar  particles  of  the  same  metal,  while  thev  undergo  a 
slow  change  by  the  action  of  heat,  can  so  react  on  the  heat  as  to 
derive  electricity  from  it,  then  the  apparently  wide  difference  be- 
tween the  chemical  effect  derived  from  a  thermo-electrical  couple 
and  the  minute  action  on  the  joint  of  it  may  be  more  easily 
comprehended. 

Bismuth,  in  addition  to  its  being  by  far  the  best  metal  for 
supplying  the  place  of  a  positive  thermo-electric  bar,  has  been 
shown  in  the  valuable  magnetic  researches  of  Dr.  Faradav,  to  be 
the  most  energetic  diamagnetic  substance  at  present  known.  It 
is  likewise  remarkable  in  its  alloys.  In  the  gold  coinage  a  mi- 
nute addition  of  bismuth  greatly  impairs  the  durability  of  the 
coin ;  and  with  lead  or  tin,  mLxtures  are  made  which  melt  at 
lower  temperatures  than  the  melting  heat  of  the  metals  combined 
together.  These  properties  are  due  to  conditions  of  the  forces  of 
aggregation  of  which  science  is  at  present  able  to  give  no  ac- 
count, but  which  appear  to  point  to  an  ample  field  for  inquiiy 
for  the  future,  in  which  the  properties  of  thermo-electricity, 
when  further  unmasked^  may  render  much  assistance. 
I  remain.  Gentlemen, 

Yours  very  respectfully, 

Richard  Adie. 

XXIX.   On  the  Integration  of  Linear  Differential  Equations. 
By  the  Rev.  Brice  Bronwin*. 

THE  present  paper  is  an  addition  to  one  published  in  the 
Number  of  this  Journal  for  December  last,  and  is  intended 
to  illustrate  the  use  of  the  arbitraiy  fimction  X(D). 

In  the  Cambridge  Mathematical  Jom-nal,  first  series,  vol.  ii. 
page  193,  is  given  a  solution  of 

xJ)^^^u—pmT)"^~^u^ kxu  =  0,  p  integer. 
By  the  conversion  of  symbols  this  may  be  solved  as  an  equa- 
tion of  the  first  order,  but  it  serves  to  show  the  use  which  may 
be  made  of  the  symbohcal  function  \(D).     Make 

OT=D;/,'  +  X(D), 
then 

OTW=DcYM-f  X(D)?<,  and  xu=^'D~^'!su  —  'D~'\{D)u. 

In  the  last,  change  u  into  D'"w,  and  we  have 

a;D'"w  =  D-VD"'«-D-'?i(D)D'"M. 

*  Communicated  by  the  Author. 
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Substituting  these  values  in  the  proposed  equation,  and  opera- 
ting on  the  result  with  D,  we  find 

^D'"m-X(D)1)"'m-p«D'"w  +  ^ctm-A-X(D)w=D0. 
Assume 

which  gives 

and  our  equation  is  reduced  to 

ctD"'m  +  kvju = DO,  or  u  =  (D'"  +  ^) " 'tsr" 'DO. 
Now 

D-'  +  i        V       D-  +  /t/' 
therefore  by  the  known  formula 

we  easily  find 

and  therefore 

u  =  (D'"  +  k)  ~"-'x- '  (D'"  +  Af  0. 
lip  be  positive, 

a;->(D'"  +  ^fO=0,  and  m=(D'"  +  A)-^''+'^0. 

If  p  be  changed  into  —p,  we  have  . 

xWu -^pmW-'u ■^kxu=0,  u=  (D"'  +  kf  " 'x- ' (D'"  +  A) "^0. 

We  must  make 

W'  +  k={J)  +  k,){J)  +  k^)  . . ..  (D  +  /c,„), 

but  I  shall  not  stop  to  reduce  these  solutions.  It  may  be  well 
to  remark,  that  we  cannot  immediately  operate  with  the  form 

but 

w=Da?+X(I))=:a?D  +  l+X(D). 

Therefore  by  suitably  changing  the  form  of  X(D)  we  can  perform 
the  operations. 

As  another  example  I  shall  take 

x''J)'^u-p{p-\)Q'^-\  +  kx''u=0, 

where  p  ov  p—\  is  divisible  by  m.  This  is  taken  from  page  197 
of  the  volume  before  referred  to.  Both  this  and  the  preceding 
ex,ample  will  serve  to  illustrate  the  manner  in  which  an  equation 
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may  frequently  be  put  under  the  required  form  more  easily  than 
by  the  rules  given  in  the  former  paper. 
Making  'm  =  'Dx-\-\(D),  we  have 

and  changing  u  into  Ti"'u, 

(\(D)2-.\(D)  +  D\'(D))D'"w. 

Substituting  these  values^  and  operating  with  D^  on  eveiy 
tenn  of  the  result,  we  find 

-5r2(D'"-|-yt)u  +  (l-X(D))w(D'"  +  A)M  +  (x(D)2-X(D)+D\'(D)) 

Here  make  \(D)=0,  and  the  last  is  reduced  to 

or 

or 

To  solve  this,  assume 

^_  {'u:-p  +  \){'ST-p  +  m  +  \)  ....  (CT-;j  +  {?--l)m  +  ]) 

ts[vj  +  7n)  . .  . .    (^+{i'  —  \)m^ 

Then  by  (C)  of  the  former  paper  we  have 

(ct-;j  +  ?»+1)  ....  i'^-P  +  rm  +  l) 
-L>  "-  (^4-m)....(t!7  +  m)  ^  "i- 

If  ?v?2  =/),  substituting  these  values,  and  operating  with  the 
inverse  of  all  the  factors  common  to  the  first  member  of  the  re- 
sulting equation,  we  have 

Therefore 

whence  u  may  be  found. 

In  this  and  the  former  example  m  is  supposed  to  be  an  integer. 
Again,  make 

_  {■ss—m)its—'im) ....  {'sy—rm) 

~  {'aT+p—m){i^+p  —  2m)  . .  .  .{'sj+p—rm)   '' 
Then 

-n".  g    ....      (^-m  +  w)  „ 

^  w-  (^+^;)  ....  {■u.+p-rm  +  m)  "  "i" 
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If  rm=p—^,  wc  shall  find  by  substitution  and  reduction, 

and 

^^,  =  (D'"  +  ^•)-%. 

These  are  the  two  cases  of  the  proposed  equation  considered 
by  its  author.  To  take  a  case  not  noticed  by  him,  change 
p[p  —  V)  into  n^;  then  the  equation  becomes 

In  this  case  make  X(D)  =  1 ,  and  the  transfonued  becomes 

^2(0'"+ A)m-m2D'"m=D20, 
or 

(i!7  -  n)  {^  +  n)D'"tf  +  k^'^u  =  D^O. 
Here  assume 

(-cT  —  w)  (-57  —  n  +  m)  .  . .  (^  —  7i  +  {r—  l)m) 
u — V ^^ 

OT(t!r  +  ?«)      ....        (vT+{r—\)in\      '' 

and  we  shall  have  by  (C) 

i'js  —  n  +  m).  .  .  J'sy—n  +  rm) 

(-ot  +  m)      ....      (tzr4-?-m)  • 

IMake  rm  =  n,  and  we  find  by  substitution  and  reduction, 

11  1         (OT — Wj       .    .   .   .         OT 

and 

Perhaps  by  assigning  other  forms  to  X(D)  we  might  obtain  the 
solutions  of  other  cases  of  this  equation. 

An  example  of  the  use  of  the  arbitrary  function  A, (a;)  shall  now 
be  given. 

Here,  according  to  the  former  paper, 
IT  ■=  XD  +  X  [x)  ,   TTU  =  a'Dm  +  \{x)  u, 
J)U  =z  x~  ^TTU  —  X~'^\{x)u, 

'D%  =  x-^7r^u-x-^(l+2\{x)^7ru-x-^(\{x)^+\{x)+x\'{x)')u, 

If  we  substitute  these  values  in  the  proposed  equation,  we 

shall  find  that  by  making  X{x)=i  —  the  result  will  be  reduced  to 

the  very  simple  form 

TT^M  —  TTu  ■i-bu  =  0, 
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or 

{•7T—m-^{'ir—m^u=-0,  and  u  =  [iT  —  m-^~^{'iT  —  m,^~^0; 

X  \         x'^  J 

It  will  often  happen  that  the  conversion  of  symbols  will  very 
greatly  facilitate  the  solution  of  an  equation.     Thus,  if 

change  D  into  x  and  x  into  —  D,  and  we  have 

W-x'^u-^kWxu-lu-'^; 
or  by  reduction, 

{hx  +  x'^)Wu  +  (2A-  +  4a^)D  «  =  X. 

This  may  easily  be  put  under  the  form 

D  { [kx  +  x^fYiu  }  =  (^0? + a^)X, 
whence 

w  =  D  -'  (^^  +  a'2)  -2])- 1  (yt^,  +  a,2)X. 

Now  changing  the  sjonbols  back  again,  we  have 

w=.r-ip24-X'D)-\r-i(D2  +  AD)X 

for  the  solution  required,  the  correctness  of  which  is  veiy  easily 
verified.      If  the  last  term  of  the  given    equation   had   been 
—  n{n-\-V]u  instead  of  —'Xu,  it  would  have  been  integrable  after 
the  conversion  of  sjnubols  and  n  —  \  differentiations. 
Again,  let 

.r2D2M+(AV2-2)w  =  X. 

By  the  same  conversion  of  symbols  as  in  the  last  example  we 
have 

DV?^+(A-2D2-2)m=X, 
or 

and 
whence 


Change  the  sjTnbols  back  again,  and  we  have 

n  =  x-'  (D2  +  k'^)  -\v- 1  (D2  +  k^)  X, 

which  may  be  easily  shown  to  satisfy  the  proposed. 

Sometimes  the  commutation  of  sjTnbols  may  be  employed  with 
effect  in  the  middle  of  a  solution,  or  in  some  of  the  steps  of  it ; 
but  to  give  examples  would  too  much  enlarge  this  paper.  If  the 
last  example  had  been 

x^J)^u  +  {kx^-m)u  =  X, 


192        Sir  David  Brewster  on  the  Changes  in  the  Structure 

after  commuting  the  symbols  aud  differentiating  the  result  i 
times,  we  should  find 

(F  +  .v^)D'+-M+(2z  +  4)a?D'+'w-(m-0-  +  l)(i  +  2))w=D'X. 
Making  {i-\-\)[i-{-2)  =  m,  this  becomes 

(A2+a?2)D'+=^M  +  (2i  +  4>D'+'«=D'X 
which  is  integrable  when  multipliedby  (A;^  +  a;^)''*"'. 

Each  of  the  values  of  i  gives  a  solution,  and  the  two  together 
the  complete  one.  It  may  be  remarked,  that  we  might  integrate 
i  times  instead  of  differentiating,  integrating  each  term  of  the 
equation  by  parts.  The  solutions  will  not  be  practicable  when 
i  is  not  integer,  but  they  may  often  be  transformed  by  the  in- 
troduction of  a  definite  integral. 

January  28,  1852. 


XXX.  On  the  Development  and  Extinction  of  regular  doubly  re- 
fracting Structures  in  the  Crystalline]  Lenses  of  Animals  after 
Death.  By  Sir  David  Brewster,"  K.H.,  D.C.L.,  F.R.S., 
and  V.P.R.S.  Edin.^^ 

[With  a  Plate.] 

SINCE  the  year  1816,  when  I  communicated  to  the  Royal 
Society  an  account  of  the  doubly  refracting  structures 
which  exist  in  the  crystalline  lenses  of  fishes  and  other  animals, 
I  have  examined  a  great  variety  of  recent  lenses,  with  the  view 
of  ascertaining  the  origin  of  these  structures,  the  order  of  their 
succession  in  different  lenses,  and  the  purpose  which  they 
answered  in  the  animal  oeconomy.  Although  I  had  found  that 
in  the  lenses  of  the  cod,  the  salmon,  the  haddock,  the  frog-fish, 
the  skate,  and  several  other  fishes  there  were  three  structures, 
the  innermost  of  which  had  negative  double  refraction,  the  next 
positive,  and  the  outermost  negative  double  refraction,  yet  in  the 
lenses  of  animals  the  greatest  discrepancies  presented  themselves. 
In  every  case,  however,  excepting  one,  I  have  found  the  central 
structure  in  all  quadrupeds  f  to  be  positive,  while  it  is  always 
negative  in  fishes  when  there  are  three  structures ;  but  this  posi- 
tive structure  sometimes  existed  alone,  with  faint  traces  of  a 
negative  structm'e ;  sometimes  it  was  followed  by  another  posi- 
tive structure,  separated  from  the  first  by  a  black  neutral  circle, 
in  which  the  double  refraction  disappeared.  Sometimes  these 
two  positive  structures  were  succeeded  by  an  external  negative 
structure.  Sometimes  the  central  and  external  positive  struc- 
tures were  separated  by  a  negative  structure,  and  at  other  times 

*  From  Phil.  Traus.  183/,  p.  253-258. 

t  Excepting  the  hare.     See  Phil.  Trans.  1836,  p.  37. 
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the  lens  exhibited /o^/r  structures^  a  negative  and  a  positive  one 
alternating.  As  these  discrepancies  appeared  in  the  lenses  of 
animals  of  the  same  species,  I  conceived  that  they  were  owing  to 
differences  of  age  or  sex,  or  to  some  change  in  the  health  of  the 
'  animal,  I  was  therefore  led  to  make  new  observations  in  refer- 
ence to  these  probabilities,  and  to  observe  the  phrenomena  with 
additional  attention  when  the  structure  differed  from  that  which 
was  most  common.  In  these  observations  I  sometimes  noticed 
in  the  dark  or  neutral  line,  which  separated  tw  o  positive  struc- 
tui'es,  something  like  a  trace  of  an  intervening  structure,  which 
was  either  about  to  disappear,  or  about  to  be  developed.  This 
conjecture  was  confirmed  by  obsciTations  on  the  lenses  of  a  cow 
eleven  years  old. 

The  lenses,  after  being  carefully  taken  out,  were  freed  from 
the  adhering  portions  of  the  vitreous  humour  by  the  gentle  ap- 
plication of  blotting-paper,  so  as  not  to  disturb  their  internal 
structure.  The  lenses  were  elliptical.  Their  longest  diameter 
was  0'774  inch,  their  shortest  diameter  0*7 17  inch,  and  their 
thickness  0'513  of  an  inch.  The  first  lens  which  I  exposed  to 
polarized  light  was  in  the  highest  perfection,  and  the  symmetry 
of  the  optical  figure  unusually  beautiful.  I  have  represented  it 
in  Plate  V.  fig.  1,  in  which  only  two  structures,  or  two  series  of 
positive  sectors,  are  visible*.  The  lens  was  now  a  day  old,  and 
there  seemed  to  be  a  faint  light  within  the  two  black  rings,  espe- 
cially in  the  outer  one,  which  was  either  the  remains  of  an  old, 
or  the  germ  of  a  new  structure.  If  this  were  the  case,  then  the 
anomalous  combination  of  two  positive  structures  would  be  con- 
verted into  a  combination  of  four  structiu'es,  in  which  a  negative 
and  a  positive  one  alternated. 

On  the  following  day  I  prepared  the  other  lens  with  the  same 
care,  and  found  my  conjecture  completely  verified.  In  the  middle 
black  ring,  which  was  distinctly  bro%vnish  in  the  first  lens,  the 
negative  structure  had  evidently  commenced  at  one  part,  and 
the  colour  of  the  whole  ring  was  a  brighter  brown  than  in  the 
fu'st  lens.  In  the  outer  black  ring  another  negative  structui'c 
had  also  appeared,  and  had  advanced  considerably  upon  the 
positive  structure.  These  phrenomena  I  have  represented  in 
fig.  2,  where  the  four  structui'es  are  distinctly  seen,  the  second 

*  Upon  referring  to  my  earlier  observations,  I  find  that  in  both  the 
lenses  of  an  ox  there  was  onlj-  one  structure  which  was  a  jiositive  one,  and 
which  had  not  yet  divided  itself  into  two  stiiictures,  as  in  that  of  the  cow 
under  considei'ation.  There  was  the  ap])earauce  of  a  black  space  near  the 
margin  of  the  lens,  but  the  polarized  hght  both  within  and  without  that 
black  ring  was  positive. 

In  the  lens  of  another  ox,  and  of  a  bvdl,  I  foimd  the  positive  structure 
separated  into  two  positive  structiu-es  by  a  distinct  black  ring,  while  an  ex- 
ternal negative  stinicture  was  clearlv  develo])ed. 

Phil.  Mag.  S.  4.  Vol.  3.  No.  17.  March  1852.  0 
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being  a  faint  blue  of  the  first  order.  On  the  third  day  the  two 
new  structures  had  become  more  prominent.  The  structure 
No.  2,  now  a  jiale  white  of  the  liist  order,  was  completely  deve- 
loped, havinjr  encroached  upon  and  almost  obliterated  the  third 
structure.  The  structure  No.  4;  which  was  not  in  existence  on 
the  first  day,  had  now  the  maximum  tint,  namely  a  bright  white 
of  the  first  order.  On  the  fourth  day  the  structures  No.  2  and 
4,  which  at  first  were  not  in  existence,  are  now  the  structures 
with  the  maximum  tints,  and  No.  3,  which  had  the  maximum 
tint,  is  now  almost  obliterated,  a  little  faint  brown  light  remain- 
ing in  one  of  the  quadrants. 

On  the  fifth  day  the  four  sectors  of  the  mner  structure  No.  1 
have  almost  disappeared.  No.  3  has  disap])eared  entirely,  and 
No.  2,  which  is  almost  the  only  polarizing  structure,  exhibits  a 
more  intense  white  of  the  first  order  than  appeared  in  any  part 
of  the  lens.  The  ring  No.  2  divides  the  radius  of  the  lens 
equally. 

On  the  sixth  day  the  structure  No.  2  was  still  bright  and  uni- 
form, but  the  polarized  light  had  disappeared  from  every  other 
part  of  the  lens. 

On  the  seventh  day  the  lens,  which  was  always  placed  in  water, 
burst  its  capsule,  and  there  was  no  longer  any  trace  of  distinct 
polarizing  structures. 

j\Iy  next  observations  were  made  on  the  lenses  of  a  cow  nearly 
twenty  years  old.  The  following  were  the  dimensions  of  the 
eye  and  the  lenses  : — 

inch. 

Diameter  of  eyeball 1-66 

Chord  of  the  cornea  (largest)    .     .     1*30 
Chord  of  the  cornea  (shortest)       .     1'02 
Longest  diameter  of  lens     .     .     .     0*827 
Shortest  diameter  of  lens     .     .     .     0"793 
Thickness  of  lens 0-50 

Both  the  lenses  of  the  cow  exhibited  when  taken  out  of  the  eye 
four  beautiful  structures,  in  which  the  positive  and  negative 
structures  alternate.  The  first  and  fourth  were  very  faint,  being 
the  palest  white  of  the  first  order.  The  third  was  also  faint,  but 
the  second  was  both  bright  and  large,  and  its  tint  was  a  brilliant 
yellow  of  the  first  order.  After  lying  four  days  in  water  the 
lenses  swelled  so  much  that  their  dimensions  were  as  follows : — 

inch. 
Diameter  of  one  lens     ....     0807 
Diameter  of  the  other  ....     0*793 
Thickness  of  the  first    ....     0*647 
Thickness  of  the  second     .     .     .     0*620 
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The  leuses  were  still  transparent,  and  the  tint  of  the  structure 
No.  2  had  risen  to  an  orange-red  of  the  first  order. 

Having  experienced  great  difficulty  in  the  course  of  the  pre- 
ceding experiments  in  preserving  the  capsule  of  the  lens  trans- 
parent for  several  days,  I  made  trial  of  various  fluids,  hut  found 
distilled  water  more  suited  to  my  purpose  than  any  other.  I 
therefore  began  a  regular  course  of  observations  on  the  crystalline 
lens  of  the  sheep  when  placed  in  distilled  water,  which  have 
afforded  me  very  satisfactory  residts. 

The  lens  of  a  sheep  a  year  and  a  quarter  old,  when  newly 
taken  out  of  the  eye,  exhibited  in  the  distinctest  manner  only 
one  structure,  with  slight  traces  of  an  external  one.  This  struc- 
ture was  positive,  and  occupied  almost  the  whole  of  the  lens,  as 
shown  in  fig.  3,  The  traces  of  an  external  structure,  when 
carefully  examined,  showed  it  to  be  negative.  On  the  following 
day  this  lens  burst  in  the  direction  of  the  three  septa. 

In  the  lenses  of  another  sheep  I  found  two  structures  like  the 
preceding,  but  with  this  difference,  that  the  external  negative 
structure  was  more  developed,  as  in  fig.  4.  On  the  following 
day  this  negative  structure  had  extended  itself  inwards,  but  in 
consequence  of  an  accident  the  lenses  burst  their  capsule. 

In  the  lenses  of  another  Cheviot  sheep,  where  the  external 
negative  structure  had  just  begun  to  appear,  the  wide  positive 
structure  shown  in  fig.  3  had  just  begun  to  separate  itself  by  a 
dark  neutral  line,  which  was  seen  only  in  one  of  its  four  sectors, 
and  which  divided  that  sector  into  two. 

In  another  Cheviot  sheep  the  principal  positive  structure  had 
distinctly  divided  itself  into  two  positive  structures,  separated  by 
a  dark  neutral  ring,  as  shown  in  fig.  5.  The  same  appearance 
was  shown  in  the  other  lens ;  and  I  have  found  it  a  very  common 
structure  in  the  lenses  of  sheep  at  that  age  when  they  are  killed 
for  the  table. 

AVhen  this  division  of  the  principal  structure  takes  place  the 
central  one  is  at  first  faint,  and  the  other  a  bright  white  of  the 
first  order,  as  in  fig.  4.  It  becomes,  however,  brighter  and 
brighter  till  it  nearly  rivals  the  other  in  the  intensity  of  its  po- 
larized tint,  as  in  tig.  5,  when  another  change  begins  to  show 
itself. 

This  change,  similar  to  that  which  I  have  described  in  the 
lens  of  the  cow,  arises  from  the  absorption  of  distilled  water  by 
the  capsule  of  the  lens.  It  first  shows  itself  by  the  appearance 
of  a  brown  tint  in  the  dark  neutral  ring  which  separated  the  two 
positive  structures.  In  the  middle  of  the  brownish-black  ring 
a  trace  of  faint  bluish  light  appears,  generally  in  one  of  the  sec- 
tors only,  but  gradually  extends  itself  into  a  blue  ring,  which 
has  negative  double  refraction,  and  which  is  separated  by  di- 
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stinctly  formed  l)lack  rings  from  the  two  positive  structures, 
bt'twccu  wliicli  it  lies.  This  state  of  the  polarizing  structure  is 
shown  in  fig.  0,  which  is  nearly  the  same  as  in  the  lens  of  the 
cow. 

The  structure  No.  1,  beginning  at  the  centre,  was  pretty 
bright,  but  No.  3  was  much  more  so,  and  No.  4  veiy  faint, 
though  perfectly  distinct. 

On  the  second  day  the  blue  ring  No.  2  v/as  much  enlarged, 
and  had  encroached  greatly  on  the  brightest  structure  No.  3, 
having  reduced  it  both  in  breadth  and  intensity.  No.  i  has 
also  extended  itself  at  the  expense  of  No.  3. 

On  the  third  day  the  new  structure  No.  2  had  become  the 
brightest  of  all.  No.  4  had  increased  also,  whilst  No.  1  had 
become  smaller  and  fainter,  and  No.  3  was  wholly  obliterated. 

In  another  pair  of  lenses  one  of  them  burst  at  this  stage  of 
the  development  of  the  polarizing  structures,  Avhilc  in  the  other 
the  effect  was  singulai-ly  fine.  No.  3  was  wholly,  and  No.  1 
nearly  obliterated ;  while  the  two  new  structures,  which  had  no 
existence  at  first,  were  the  only  ones  that  remained.  The  new 
negative  structure  No.  2  consisted  of  four  beautiful  blue  sectors 
of  polarized  light ;  but  in  consequence  of  the  great  absorption 
of  distilled  water,  and  the  consequent  distension  of  the  lens,  it 
soon  burst. 

I  have  already  remarked  that  only  one  case  has  occurred  in 
the  course  of  my  experiments  in  which  the  central  structvu'e  of 
the  lenses  of  quadrupeds  was  negative,  as  in  fishes.  In  this  case, 
however,  the  centre  of  the  lens  had  its  structure  affected  by  some 
change  in  the  condition  of  the  fibres  at  their  union  in  the  three 
septa,  which  were  not  only  distinctly  seen,  but  had  the  polarizing 
structure  clearly  related  to  them.  The  polarized  light  filled  up 
each  of  the  three  angles  of  120°  which  lay  between  the  three 
septa,  and  the  intensity  of  the  light  was  a  maximum  close  to  the 
three  septa.  Hence  it  is  evident  that  the  central  negative  struc- 
ture was  the  result  of  an  induration  of  the  lens  related  to  the 
septa,  and  had  obliterated  the  pusitive  structure  which  would 
othei*wise  have  existed  there. 

In  examining  the  lenses  of  the  horse,  I  have  observed  the  ])ro- 
gressive  devel()])mcnt  of  its  three  structures  as  the  animal  ad- 
vanced in  age,  and  the  extinction  of  all  of  them  but  one  when 
the  age  of  the  animal  was  great. 

In  both  the  lenses  of  a  young  horse  three  years  old  I  found 
only  one  positive  structure. 

In  both  the  lenses  of  a  horse  whose  age  was  unknown,  I  ob- 
served three  structures  beautifully  developed.  The  central  ones, 
which  were  extremely  distinct  and  more  beautiful  in  form  and 
more  intensely  luminous  than  in  any  other  quadruped  which  I 
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had  examined,  were  positive,  the  next  structure  negative,  and  the 
external  one  jwsitive. 

In  the  lens  of  another  horse,  whose  age  was  also  rmknown  to 
me,  the  remains  of  three  structures  were  visible ;  but  the  two 
positive  ones,  namely,  the  central  and  external  structures,  had 
just  disappeared,  but  were  not  encroached  upon  by  the  interme- 
diate negative  one.  They  were  therefore  black  when  seen  by 
polarized  light,  as  shown  in  fig,  7,  while  the  remaining  negative 
one  was  of  the  most  brilliant  yellow  colour. 

In  the  lenses  of  a  third  horse,  probably  of  an  intermediate 
age,  I  found  a  structure  intermediate  between  that  of  the  two 
preceding  ones.  The  following  were  the  dimensions  of  its 
lenses 


First  lens. 

Second  lens, 

inch. 

inch. 

Longest  diameter     . 

,      0-827 

0-820 

Shortest  diameter     . 

.     0-793 

0-793 

Thickness 

.     Not  measured 

0-500 

The  first  lens  having  been  carefully  prepared  and  immersed  in 
distilled  water,  exhibited  the  beautiful  ojjtical  figm-c  which  is  but 
imperfectly  represented  in  lig.  8.  The  central  sectors  were  jjosi- 
tive,  but  faintly  illuminated.  The  wide  and  brilliant  yellow 
and  white  structure  was  negative,  and  the  external  structure, 
which  had  just  begun  to  appear,  vcsis  jjositive. 

On  the  second  day  the  black  mass  round  the  central  sectors 
had  enlarged  itself,  and  become  very  black,  having  the  form  of  a 
square  lozenge.  The  rjelloiv  ring  has  risen  in  its  tint  to  a  briU 
liant  pink  \e\\o^'  at  the  edges,  the  white  ring  ^\-ithin  it  having 
increased  in  width,  and  the  white  ring  without  it  having  di- 
minished. 

On  the  third  day  the  diameter  of  the  lens  had  increased  to 
0-86  in  all  directions,  and  its  thickness  from  0-50  to  0*717  of 
an  inch.     The  colom-ed  ring  has  not  changed  greatly. 

On  the  fourth  day  the  bright  pink  of  the  negative  structm'e 
has  risen  to  a  bright  blue,  the  pink  and  yellow  being  seen  at  its 
margin ;  and  the  external  ])ositive  structure  seems  to  be  now 
conjoined  with  the  blue  negative  structure,  in  consequence,  no 
doubt,  of  the  extension  of  the  latter  to  the  margin  of  the  lens. 
The  thickness  of  the  lens  wiis  now  upwards  of  0*86,  and  the 
capsule  came  off,  in  consequence  of  which  two  of  the  blue  sec- 
tors have  become  of  a  pale  pink  colour.  The  instant  the  capsule 
came  off,  the  lens  shrunk  in  all  its  dimensions  nearly  the  tenth 
of  an  inch. 

The  second  lens  on  the  third  day  gave  exactly  the  optical  figure 
shown  in  fig.  8,  having  been  newly  placed  in  distilled  water ; 
but  the  external  ring  seems  to  be  slightly  negative,  like  the  yel- 
low one.     Its  appearance  was  grayish  and  indistinct. 
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On  the  fourth  day  the  yellow  ring  had  risen  to  a  pale  pink  of 
the  first  order,  and  the  outer  ring  was  Jiegative,  as  on  the  pre- 
ceding day. 

On  the  pffh  day  the  pink  ring  had  increased  in  intensity,  and 
the  other  structures  remained  the  same  as  before. 

On  the  sixth  day  X\itpink  had  risen  to  a  very  bright  blue.  The 
diameter  of  the  lens  was  now  0*867  of  an  inch,  and  its  thickness 
0"733,  being  an  increase  of  0'233  of  an  inch  in  thickness. 

On  the  seventh  day  the  capsule  burst,  and  upon  removing  it 
and  the  soft  pulp  which  formed  about  one-tenth  of  an  inch  of 
the  outer  margin  of  the  lens,  the  pink  ring,  with  the  white  band 
both  within  and  without  it,  and  the  black  mass  at  the  centre  of 
the  rectangular  cross,  were  as  distinct  as  ever.  Hence  it  is  ma- 
nifest that  the  rise  of  the  tint  from  yellow  was  not  the  effect  of 
any  ex})ausive  pressure  produced  by  the  swelling  of  the  lens  and 
the  reaction  of  the  capsule. 

The  descent  of  the  tint  from  bright  blue  to  pink  was  no  doubt 
owing  to  the  polarizing  action  of  the  extended  capsule  being 
withdrawn.  In  order  to  prove  this,  I  took  the  capsule,  which  is 
a  tough  and  elastic  membrane,  and  having  stretched  it,  I  found 
that  it  polarized,  just  before  it  tore,  a  white  of  the  first  order. 
Now  the  value  of  this  tint  is  nearly  equal  to  the  difference  be- 
tween the  values  of  the  pink  and  blue  of  the  second  order  of 
colours. 

The  preceding  results  throw  much  light  on  the  physiology'  of 
the  ciystalline  lens ;  and  I  shall  have  occasion,  in  a  separate 
paper,  to  point  out  the  conclusions  to  which  they  lead  respecting 
the  cause  and  cure  of  cataract. 

Allerlv  by  Jlelrose, 
May  6",  1837. 

XXXI.  On  the  supposed  Identity  of  the  Agent  concerned  in  the 
Phtenomena  of  ordinary  Electricity,  Voltaic  Electricity,  Electro- 
magnetism,  Magneto-electricity ,  and  Thermo-electricity.  By 
M.  DoxovAX,  Esq.,  M.R.I.A. 

[Continued  from  p.  127.] 

Section  II. 

FULLY  aware  that  a  conviction  of  the  identity  of  the  agent 
in  all  the  phrenomena  called  electric  is  firmly  established 
in  the  minds  of  the  scientific,  and  that  experiments  of  apparently 
so  convincing  a  nature  have  been  brought  to  bear  upon  the  sub- 
ject that  doubts  seem  to  be  no  longer  entertained,  I  scarcely 
know  how  to  declare,  in  terms  that  shall  protect  me  from  the 
imputation  of  presumption,  that  I  have  never  been  able  to  view 
the  matter  in  the  same  light.     It  is  my  duty  to  assign  reasons  for 
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thus  venturing  to  dissent  from  universally  accredited  opinions : 
I  shall  therefore  enter  into  a  critical  examination  of  the  chief 
arguments  which  have  been  made  use  of  to  establish  the  alleged 
identity.  In  doing  so,  I  shall  take  occasion  to  refer  to  the  expla- 
nations of  these  phsenomena  suggested  by  the  views  developed 
in  the  preceding  pages  of  this  essay,  relative  to  the  presumed 
compound  nature  of  the  electric  fluid  which  with  this  object  I 
stated  in  the  commencement. 

Professor  Faraday  informs  us,  that  at  the  period  when  he  un- 
dertook the  investigation  of  the  agent  concerned  in  these  phse- 
nomena,  the  question  of  identity  was  as  yet  undecided.  He 
says,  "  Notwithstanding,  therefore,  the  general  impression  of 
the  identity  of  electricities,  it  is  evident  that  the  proofs  have 
not  been  sufficiently  clear  and  distmct  to  obtain  assent  of  all 
those  who  were  competent  to  consider  the  subject :"  hence  his 
investigations  rendered  it  necessary  for  him  to  "  ascertain  the 
identity  or  difference  of  common  and  voltaic  electricity." — (266.) 

Being  assured  by  so  high  an  authority  that,  up  to  the  period 
indicated,  the  question  was  doubtful,  and  having  long  felt  a 
strong  impression  that  the  identity,  far  from  being  established, 
was  rendered  more  problematical  by  eveiy  newly-discovered  fact 
when  viewed  without  prepossession  or  prejudice,  I  was  anxious 
to  put  myself  in  a  condition  to  appreciate  Professor  Faraday's 
reasonings.  To  these  I  have  therefore  addressed  myself,  aware 
that  if  they  do  not  establish  their  object,  the  question  which  so 
long  occupied  the  attention  of  inquirers  would  return  to  that 
original  state  of  doubt  in  which  this  eminent  philosopher  found 
it,  when,  as  he  declares,  he  deemed  a  resujiiption  of  the  investi- 
gation necessary. 

The  vast  difference  of  properties  observable  in  electric  and 
voltaic  ph?enomena  has  been  conceived  to  be  explicable  on  the 
supposition,  that  in  the  former  the  quantity  of  electricity  is  small 
and  the  intensity  great ;  while  in  the  latter,  the  quantity  is  great 
and  the  intensity  low.  Professor  Faraday  thus  expresses  this 
universally  accredited  proposition  :  "  Hence  arises  still  further 
confirmation,  if  any  were  required,  of  the  identity  of  common 
and  voltaic  electricity,  and  that  the  differences  of  intensity  and 
quantity  are  quite  sufficient  to  account  for  what  were  supposed 
to  be  their  distinctive  qualities*.^'  Again,  he  says,  "The  great 
distinction  of  the  electricities  (common  and  voltaic)  is  the  very 
high  tension  to  which  the  small  quantity,  obtained  by  the  aid  of 
the  machine,  mav  be  raised ;  and  the  enormous  quantity  in  which 
that  of  comparatively  low  tension,  supplied  by  the  voltaic  bat- 
tery, may  be  procuredf."  In  another  place  he  says,  "The  general 
conclusion  which  must,  I  think,  be  drawn  from  this  collection  of 
*  Reseai'clies,  pai-.  378.   See  also  360.  t  Ibid.  451. 
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facts  is,  that  electricity,  whatever  may  be  its  source,  is  identical 
in  its  nature.  The  phjcnoniena  in  the  five  kinds  or  species  quoted 
differ,  not  in  their  character,  but  only  in  degree;  and  in  that 
respect  vary  in  proportion  to  the  variable  circumstances  of  quan- 
tity and  intensity*." 

In  this  expression  of  opinion  I  believe  most,  if  not  all,  jihilo- 
sophcrs  of  the  present  day  agree,  whether  they  view  the  electric 
fluid  as  homogeneous  or  not.  Tlie  same  view  is  given  by  Davy, 
Bccquerel,  llogct,  and  other  eminent  authorities,  all  following 
in  the  footsteps  of  Cavendish  ;  I  shall  thcrcfoi-c  devote  my  chief 
attention  to  the  consideration  of  it. 

It  is,  in  the  first  place,  necessary  to  understand  precisely  what 
is  meant  by  these  terms  quantity  and  intensity ;  they  have  been 
always  used  in  explaining  the  difference  between  frietional  and 
voltaic  electricity ;  but,  as  it  a])pears  to  me,  without  giving  any 
satisfactory  account  of  how  these  conditions  of  the  electric  fluid 
act.  Dr.  Faraday  thus  expresses  himself : — "The  term  quantitij 
in  electricity  is  perhaps  sufficiently  definite  as  to  sense;  the  term 
intensity  is  more  difficult  to  define  strictly.  I  am  using  the 
terms  in  their  ordinary  and  accepted  meaning."  To  understand 
his  views,  it  is  therefore  necessary  to  inquire  what  the  "  ordinary 
and  accepted  meaning  "  of  the  Avord  intensity  is. 

Professor  Ilarc  gives  a  definition  which  I  believe  is  a  concise 
enmiciation  of  the  opinions  of  most  philosophers  on  this  subject. 
He  asks,  "  What  does  intensity  mean  as  applied  to  a  fluid  ?  Is  it 
not  expressed  by  the  ratio  of  quantity  to  space  ?  If  there  be 
twice  as  much  electricity  within  one  cubic  inch  as  within  another, 
is  there  not  twice  the  intensityf?"  Elsewhere  he  says,  he  is 
unable  to  form  any  other  idea  of  intensity  than  "that  of  the 
ratio  of  quantity  to  space."  Sir  H.  Davy  gives  his  opinion  to  the 
same  effect  J.  Dr.  Roget,  in  his  excellent  essay  on  galvanism  in 
the  Encyclopedia  Metropolitana,  p.  208,  says,  "  that  when  all  the 
circumstances  relative  to  the  conductors  and  the  surrounding 
bodies  are  the  same,  the  intensity  will  increase  in  a  certain  ratio 
with  the  absolute  quantity  of  electricity  that  has  been  given  to 
the  conductor  by  the  machine."  IMr.  Snow  Harris's  opinion 
may  be  resolved  into  the  same  meaning.  Pouillet  says  that  in- 
tensity is  "  jirecisely  in  the  inverse  ratio  to  the  length  of  the 
circuit §."  The  same  opinion  is  conveyed  by  Gmelin  in  the 
following  sentence  : — "  The  difference  between  the  effects  of  the 
voltaic  pile  and  those  of  the  electric  machine  consists  of  the  two 
following  points  :  1,  by  means  of  the  latter  a  large  quantity  of 

*  Researches,  par.  360. 
t  Philosoi)liical  Magazine,  1821,  p.  292. 
X  Elements  of  Chemical  Philosophy,  p.  13/. 
§  Elem.  de  Physique,  i.  G33  et  seq. 
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electricity  may  easily  be  accumulated  iu  a  body  of  small  dimen- 
sions, in  consequence  of  which  the  electricity  acquires  a  high 
tension  or  a  strong  tendency  to  combine  \^^th  electricity  of  the 
opposite  kind,  and  makes  its  waj"  through  non-conductors,  such 
as  the  air,  iu  the  form  of  a  spai-k,^^  &€.'•=  In  Liebig  and  Gre- 
gory's edition  of  Turner's  Chemistry  it  is  said,  "  Of  any  number 
of  electrified  substances,  that  will  have  the  highest  intensity 
which  has  the  most  free  electric  fluid  on  unity  of  sm-face;^'  and 
(page  9G)  the  same  is  said  of  galvanic  electricity f.  In  fine,  we 
may  shorten  the  definition  of  intensity,  as  Dr.  Bostock  and  ^Ir. 
Goodman  have  done,  by  the  synonj-m  '^  concentration." 

From  these  definitions  it  is  plain  that  quantity  and  inten- 
sity are  easily  convertible  into  each  other.  But  it  is  to  be  in- 
quired what  is  the  meaning  of  "  a  great  Cjuantity  at  a  low  in- 
tensity." Can  we  conceive  a  great  quantity  of  electricity  unless 
we  give  it  an  adequate  place  of  residence  ?  Can  it  have  di- 
mensions not  limited  by  a  boundary — by  a  containing  body  ? 
We  know  nothing  of  quantity  beyond  that  portion  which  we  call 
into  action,  and  to  which  v»e  give  a  locality.  AMien  the  electri- 
city generated  by  a  voltaic  series  is  passed  through  a  slender 
wire,  the  wire  is  its  momentary  place  of  abode,  the  quantity  con- 
tained in  it  at  any  point  of  time,  and  at  that  moment  active^  is  all 
that  we  can  take  cognizance  of,  because  no  more  is  at  that  time 
generated ;  and  be  the  passage  ever  so  rapid,  the  effect  is  at  this 
instant  the  same  as  it  was  the  instant  before,  or  as  it  will  be  the 
instant  after.  AYhere,  then,  is  the  great  quantity  reposited  ? 
and  if  there  be  no  place  for  it,  how  can  it  act  or  exist  ?  There 
can  be  no  accumulation  of  effect  unless  there  be  an  accumulation 
of  the  agent  which  is  the  cause  of  that  effect ;  but  that  would 
constitute  intensity. 

It  is  plain,  then,  that  "  a  great  quantity  at  a  low  intensity  " 
must  have  reference  to  a  great  extent  of  surface  on  which  the 
electric  fluid  subsists.  Beduce  the  surface  to  one-half  or  quarter, 
the  whole  electricity  being  retained,  and  you  double  or  quadi'uple 
the  intensity.  Hence  this  vague  expression  aims  at  conveying 
to  the  mind  a  condition  which  is  incomprehensible,  unless  refer- 
ence be  at  the  same  time  made  to  an  equivalent  extent  of  surface 
occupied.  But  in  the  dimensions  of  a  small  wire  conveying 
electricity  away  as  fast  as  it  is  generated,  how  is  it  possible  to 
conceive  a  great  quantity  unless  at  a  veiy  high  intensity  ? 

We  know  but  little  of  the  natm-e  of  the  force  which  causes 
electrical  phfenomena.  It  has  never  been,  and  perhaps  never 
will  be  determined,  whether  electricity  is  matter ;  or  whether  it 
is  analogous  to  light,  heat  or  magnetism ;  or  whether  it  consists 
of  vibrations  of  some  aethereal  fluids  or  of  matter  in  vibration ; 
*  Handbook,  i.  418.  f  Eighth  edition,  page  83. 
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in  short,  wc  are  totally  unacquainted  with  its  form  of  existence. 
We  can  only  judge  of  what,  for  want  of  a  better  ])lH-asc,  we  call 
its  quantity,  by  the  degree  of  its  effects  upon  matter  of  determi- 
nate dimensions.  The  degree  of  effect  is  therefore  the  exponent 
of  the  quantity.  But  this  degree  is  another  name  for  intensity 
of  effect :  hence  the  quantity  of  electricity  is  only  recognised  by 
its  intensity ;  the  ideas  arc  inseparable ;  and  intensity  is  the  only 
significant  condition  of  which  the  external  senses  take  cognizance. 
In  fine,  intensity  is  the  measure  of  quantity;  and  of  this  a 
beautiful  ex})erimental  proof  is  given  by  Pouillet,  which  it  is  well 
worth  while  here  to  describe.  He  proposes  the  following  ques- 
tion, and  gives  its  resolution  : — 

'^  Vj'hen  the  intensity  of  a  current  increases,  does  the  quantity 
of  electricity  which  is  in  circulation,  and  which  constitutes  that 
current,  increase  in  the  same  ratio  ?  To  resolve  this  question,  it 
must  be  admitted  as  evident  that  the  quantity  of  electricity 
which  passes  in  a  circuit  of  constant  intensity  is  proportional  to 
the  time,  that  is  to  say,  that  in  2"  there  passes  twice  as  much  as 
in  1",  &c.  It  suffices,  then,  to  examine  if,  in  reducing  the  time 
during  which  a  current  passes  to  one-half,  we  equally  reduce  to 
one-half  its  action  on  the  needle ;  for  if  it  be  so,  we  may  truly 
affirm  that  the  quantity  of  electricity  is  proportional  to  the  elec- 
tro-magnetic effect  of  the  current,  or  to  its  intensity." 

He  then  describes  some  beautifully  contrived  experiments 
calculated  to  ascertain  this  point.  A  brass  toothed  wheel,  having 
the  spaces  between  the  teeth  filled  up  with  wood,  was  constructed ; 
the  brass  teeth  and  those  of  wood  were  in  this  instance  of  equal 
size,  although  other  wheels  were  also  prepared  in  which  the  brass 
and  wooden  teeth  bore  various  ratios  to  each  other.  The  edge 
of  the  wheel  was  united  like  the  periphery  of  a  disc,  and  thus 
alternatelv  presented  conducting  and  non-conducting  surfaces. 
This  wheel  with  its  metallic  axis  was  contrived  to  revolve  with 
any  required  degree  of  rapidity;  one  pole  of  a  voltaic  pile  com- 
municated with  the  axis,  and  the  other  with  a  wire,  which,  after 
passing  over  the  needle  of  a  compass,  terminated  in  a  tongue, 
and  this  pressed  against  the  edge  of  the  wheel.  By  giving  the 
wheel  a  veiy  slow  motion,  the  needle  oscillated  backward  or  for- 
ward as  the  tongue  came  in  contact  with  the  wood  or  the  brass, 
the  current  being  interrupted  or  conducted  accordingly.  The 
interruptions  were  obliterated  and  a  permanent  deflection  pro- 
duced when  a  greater  velocity  was  given  to  the  wheel ;  and  this 
deflection  was  not  increased  by  a  much  more  rapid  revolution. 
In  an  experiment  made  with  the  wheel,  in  wliich  the  ]ieripheral 
surfaces  of  the  brass  and  wooden  teeth  were  equal,  the  deflection 
of  the  needle  while  the  wheel  was  at  rest  was  60°  ;  a  slow  motion 
made  it  oscillate ;  five  turns  per  second  caused  a  deflection  of 
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25°  45'  J  and  the  needle  remained  stationaiy  at  this  degree  when 
the  wheel  was  made  to  revolve  at  any  greater  velocity.  Now  the 
sine  of  25°  45'  is  half  that  of  60°.  When  the  ratio  of  surface  of 
the  brass  and  wooden  teeth  was  different  from  that  above  men- 
tioned, the  results  corresponded.  i\I.  Pouillet  says  in  conclu- 
sion, "  hence  it  finally  results  that  the  quantity  of  electricity 
which  constitutes  the  cm-rent  is  proportionate  to  the  intensity 
of  this  cuiTent :  also  the  intensity  may  be  taken  for  the  measure 
of  the  quantities  of  electricity*." 

If  it  be  admitted  that  intensity  is  the  measure  of  quantity, 
and  that  one  must  be  in  the  direct  ratio  of  the  other,  it  would 
appear  that  a  "  great  quantity  at  a  low  intensity  "  cannot  exist 
in  a  current,  always  including  in  the  word  "  current "  the  di- 
mensions of  the  wire  in  which  the  electricity  flows.  The  expres- 
sion seems  to  imply  a  contradiction  in  terms. 

Suppose  that  the  coil  of  a  galvanometer  is  the  surface  over 
which  a  current  is  to  pass.  Each  svicceeding  portion  of  electri- 
city can  only  act  by  its  own  quantity,  irrespectively  of  all  that  is 
afterwards  to  follow.  It  is  obvious  that  the  total  amount,  if  it 
equalled  a  discharge  from  the  clouds  and  passed  in  a  long-con- 
tinued current,  has  no  more  influence  in  deflecting  the  needle 
than  any  small  portion  of  it  which  may  occupy  the  coil  at  any 
particular  moment.  The  efficient  quantity  can  only  be  the  elec- 
tricity which  is  then  in  the  coil,  ^-ithout  reference  to  what  is  to 
follow,  and  which,  in  common  cases  of  its  production  by  metals, 
may  be  said  not  yet  to  exist,  as  the  zinc  intended  to  evolve  it  is 
only  in  progress  of  solution.  How,  then,  does  the  agency  of 
quantity  assist  in  explaining  the  much  more  powerful  influence 
of  voltaic  over  frictional  electricity  in  producing  deflections? 
Quantity  can  only  aid  in  continuing  an  effect ;  but  how  was  that 
effect  originally  produced  ? 

If  it  be  proved  that  the  quantity  at  any  one  time  present  in 
the  coil  is  small,  it  is  also  proved  that  a  succession  of  such  small 
portions,  however  rapid,  can  neither  increase  the  effect  of  those 
which  passed  away,  nor  anticipate  the  effect  of  those  which  are 
yet  to  arrive.  But  it  may  be  said  that  velocity  of  successive 
transmissions  may  produce  accumulation  of  effect.  I  reply,  that 
the  whole  catalogue  of  electro-magnetic  phfenomena  are  e\'idences 
of  the  instant  cessation  of  all  effect  when  the  cause  ceases ;  hence 
there  can  be  no  accumulation  of  effects.  We  find  the  galvano- 
meter needle  steady  during  the  passage  of  a  ciirrent,  provided 
the  chemical  action  on  the  voltaic  combination  continues  equable. 
Should  it  be  conceived  that  the  conducting  power  of  the  wire 
constituting  the  coil  is  adequate  to  the  transmission  of  voltaic 
electricity  with  such  rapidity  that  enormous  quantities  can  pass 
*  Pouillet,  Elem.  de  Physique,  vol.  i.  p.  633  et  seg. 
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off  without  increasing  the  intensity,  it  would  be  proper  to  con- 
sider the  following  facts.  It  is  a  part  of  the  voltaic  hypothesis 
that  fi'ictional  electricity  is  the  electric  fluid  existing  in  small 
quantity  at  a  high  intensity.  If  a  very  thin  wire,  such  as  is 
used  for  forming  the  coil  of  a  galvanometer,  be  made  the  medium 
of  communication  between  the  positive  and  negative  conductors 
of  a  large  and  powerful  electric  machine,  it  will  be  found  on 
turning  the  cylinder  that  a  pair  of  pith  balls,  hung  by  wet 
threads  from  the  conductor,  will  diverge  with  energy.  This 
proves,  that  small  as  the  quantity  of  electricity  present  is  sup- 
posed to  be,  the  thin  wire  is  incapable  of  conducting  the  whole 
of  it,  although  nuieh  does  pass,  and  much  is  dissipated,  as  it 
would  be  from  any  sharp- edged  or  pointed  conductor.  If,  then, 
the  so-called  small  quantity  of  electricity  is  not  freely  conducted 
by  so  thin  a  wire,  how  is  the  much  (alleged)  greater  quantity  of 
electricity  conducted  which  a  voltaic  combination  is  affirmed  to 
generate  ?  It  does  not  appear  from  these  considerations  that 
facility  of  conduction  can  obviate  the  necessity  of  admitting  in 
the  argument  (what  is  contrary  to  fact),  that  a  high  intensity 
should  exist  in  the  coil,  and  that  enormous  quantities  can  pass 
through  it  without  creating  high  intensity. 

The  absence  of  all  dynamic  effects  from  a  voltaic  combination 
of  a  single  pair  of  large  plates  militates  strongly  with  the  notion 
of  the  vast  quantity  of  electricity  said  to  be  present  in  the  cur- 
rent which  circulates  between  them.  But  it  may  be  said,  that 
although  in  the  case  of  a  single  pair  of  plates  no  discoverable 
effects  are  manifested  by  the  electrometer,  yet  when  there  is  an 
extensive  series  of  plates  in  operation  the  effects  are  evident. 
The  truth  is,  that  the  most  extensive  voltaic  combinations  scarcely 
exhibit  greater  attractions  and  repulsions  than  would  be  produced 
by  rubbing  a  stick  of  sealing-wax.  If  the  power  of  one  or  two 
thousand  pairs  of  plates  be  so  trivial  in  this  respect,  what  must 
be  the  effect  of  one  pair  !  how  inadequate  to  account  for  the  igni- 
tions, fusions,  combustions,  and  dazzling  illuminations  which  we 
obtain  from  a  single  large  pair  !  Can  such  phenomena  be  caused 
by  quantity,  which  being  avowedly  without  accimuilation,  must 
flow  in  consecutive  small  portions,  not  one  of  which  is  separately 
effective  ?  yet  the  effect  of  each  succeeding  portion  is  the  same 
as  that  of  its  predecessor ;  and  there  can  be  no  increase  of  effect, 
as  there  is  no  increase  of  cause.  If  a  portion  of  a  current  could 
pass  off  and  leave  its  effects  still  in  operation,  the  next  portion 
might  do  the  same,  and  an  accumulation  of  effects  might  be 
imagined  to  subsist  without  an  accumulation  of  electricity.  But 
no  property  of  the  electric  fluid  can  remain  after  itself  has  dis- 
appeared. A  thick  wire  might  remain  red-hot  for  a  moment 
after  voltaic  cm-rent  had  been  withdrawn ;  but  this  would  be  a 
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property  of  tlie  wire,  not  of  the  cuiTent ;  the  ignition  remains 
momentarily  because  it  was  once  excited;  but  the  original  igni- 
tion is  the  phfcnomeuon  to  be  explained.  So  also  with  attrac- 
tion and  repulsion. 

If  a  temperature  of  100^  could  be  transmitted  through  a  bar 
of  iron  in  an  equable  llow,  the  bar  would  no  more  rise  beyond 
100°  than  the  temperature  of  a  metallic  tube  would  exceed  212°, 
because  boiling  water  had  been  long  passed  through  it.  So 
electricity  passing  in  a  feeble,  although  abundant  current,  any 
one  portion  of  which  is  incapable  of  even  affecting  an  electro- 
meter, cannot  by  its  total  c^uantity  passing  in  successive  portions, 
however  rapidly,  effect  an5i;hing  imless  by  accumulation ;  and 
then  intensity  must  proportionally  increase.  But  high  intensity 
is  excluded  by  the  hypothesis,  and  denied  to  exist  in  the  case  of 
one  pair  of  plates ;  yet  one  large  pair  ^^■ill  exercise  powers  of 
ignition  which  no  other  means  in  nature  arc  capable  of. 

If  the  effective  current  from  a  single  pair  of  large  plates  be 
electricity,  we  might  naturally  expect  it,  whether  in  large  or 
small  quantity,  to  evince  its  usual  attributes  of  attraction  and 
repulsion.  The  circumstance  of  its  being  in  large  quantity,  or 
in  rapid  How,  should  not  deprive  it  of  properties  which  are  cha- 
racteristic, as  we  have  reason  to  believe  inseparable,  and  the 
absence  of  which  has  been  always  admitted  as  a  proof  of  the 
absence  of  the  fluid  itself.  Why,  then,  is  not  that  absence  of 
properties  in  certain  voltaic  phrenomena  admitted  equally  as  a 
proof  that  electricity  is  not  in  operation  ?  We  should  ex|)cct  that 
great  quantity  in  rapid  flow  would  rather  promote  than  destroy 
these  peculiar  eflects. 

I  think  all  the  preceding  considerations  tend  to  show  that  the 
agency  of  a  large  quantity  of  common  electricity,  at  a  low  inten- 
sity, fails  to  explain  voltaic  phsenomena ;  or  to  accoimt  for  the 
absence  of  the  properties  of  common  electricity,  while  these 
alleged  large  quantities  of  it  are  in  the  act  of  producing  voltaic 
phrenomena ;  or  to  assign  a  reason  for  the  presence,  in  a  high 
degree,  of  properties  developed  during  voltaic  phfenomena,  which 
belong  to  common  electricity  only  in  a  small  degi'ee.  In  fine,  I 
can  find  no  evidence  to  prove  that  the  alleged  large  quantity 
of  common  electricity  is  at  all  present,  since  the  most  feeble  de- 
monstrations of  it  only  are  discoverable.  But  more  of  this  here- 
after. 

Quantity,  considered  as  a  cause,  seems  therefore  to  be  of  no 
avail;  intensity  appears  to  be  the  only  intelligible  source  of 
activity.  I  do  not  think  there  is  one  knowni  phrenomenon  the 
explanation  of  which  receives  any  real  assistance  from  the  assumed 
agency  of  quantity.  M.  Biot,  probably  observing  this  defect  in 
its  supposed  operation,  has  substituted  the  influence  of  velocity. 
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There  may  be  some  advantage  in  the  cliangc  which  I  do  not 
perceive ;  but  il'  my  view  of  the  inefficiency  of  quantity  be  cor- 
rect, it  does  not  appear  what  may  be  the  use  of  its  quick  passage. 

To  all  the  foregoing  reasonings  it  might  be  replied,  that  it  is 
in  vain  to  search  too  minutely  into  the  modus  operandi  of  a  na- 
tural cause.  The  argument  would  be  a  good  one  if  it  were 
proved  that  quantity  is  the  natural  cause  of  the  pha?nomenon ; 
but  this  is  the  point  at  issue.  Taking  leave  of  the  question 
whether  quantity  can  produce  the  effects  attri))uted  to  it,  let  us 
turn  to  the  more  profitable  one  of  whether  it  does  produce  them. 

Those  who  sought  to  establish  identity  had  long  been  embar- 
rassed by  the  failure  of  all  efforts  to  produce  deviation  of  the 
galvanometer  needle  by  means  of  common  electricity,  although 
it  is  so  easily  effected  through  the  agency  of  voltaic.  Ai.  Col- 
ladon  of  Geneva,  imagining  that  this  want  of  success  was  occa- 
sioned by  an  insufficient  supply  of  the  electric  fluid,  or  by  im- 
perfect insulation  of  the  coil  of  the  galvanometer,  employed  a 
charged  Leydcn  battery  of  4000  square  inches  of  coated  sm-face, 
and  a  galvanometer  coil  of  100  turns  covered  with  double  silk, 
and  oiled  silk  interposed  between  -the  layers.  He  armed  each 
extremity  of  his  coil  with  a  sharp  point,  and  applied  one  of  them 
to  the  external  coating  of  the  battery.  The  other  point  being 
approached,  by  means  of  a  glass  handle,  to  the  ball  connected 
with  the  inside  coating  of  the  jars,  the  needle  deviated  23^;  the 
expeiiment  was  often  repeated.  What  I  conceive  to  be  an  im- 
portant result  of  these  trials  is,  that  the  deviation  of  the  needle 
ina'eased  ivith  the  intensity  of  the  charge  and  the  proximity  of  the 
point  to  the  balloftlie  battery.  Sometimes  the  deviation  amounted 
to  40°,  but  the  average  was  20°  to  30°.  '  The  direction  of  the 
needle  was  determined  by  that  of  the  cuiTent,  according  to  a 
well-known  law. 

Laying  aside  the  battery,  he  em])loyed  a  Nairne's  electrical 
machine,  furnished  v.ith  a  positive  and  negative  conductor,  one 
extremity  of  the  galvanometer  being  attached  to  each.  When 
the  cylinder  was  made  to  revolve,  he  obtained  a  deflection  of  3° 
or  4°  only ;  but  recollecting  that  the  charge  of  a  Leyden  phial 
passes,  with  little  reduction  of  power,  through  a  wire  many 
thousand  metres  in  length,  he  made  a  galvanometer  with  a  coil 
of  500  turns,  doubly  covered  with  silk,  the  layers  of  the  coil 
being  separated  from  each  other  by  varnished  silk.  He  knew 
that,  in  the  case  of  common  electricity,  the  greater  the  number 
of  turns  the  greater  would  be  the  deflection,  which  however  is 
not  the  case  \\\t\\  voltaic  electricity.  On  connecting  one  end  of 
this  coil  with  the  rubber  of  a  plate  electric  machine  of  5  feet 
diameter,  and  approaching  the  other  end  to  the  positive  con- 
ductor, a  deflection  ensued,  which  varied  with  the  distance  of 
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the  wire  from  tlie  conductor ;  when  very  close^  the  deflection  was 
20°,  and  that  was  the  maximum.  ^\'hen  a  Tsairne's  cylinder 
machine  was  substituted,  the  deflection  amounted  to  35° ;  but 
to  effect  this,  it  was  necessary  to  give  the  cylinder  three  revolu- 
tions in  a  second*. 

On  these  experiments,  and  some  others  of  the  same  kind  that 
will  hereafter  be  noticed,  an  argument  in  favour  of  the  identity 
of  the  agent  in  all  electrical  phnenomena  has  been  founded,  and 
apparently  a  very  strong  one.  There  are  some  points  of  view, 
however,  under  which  the  evidence  aff"orded  by  them  is  very 
much  weakened ;  the  follomng  will  show  in  what  manner. 

I  insulated  a  galvanometer  of  exceeding  sensibility,  and  con- 
nected its  binding  screws,  by  means  of  stout  copper  rods,  with 
the  two  conductors  of  a  cylinder  machine,  which  was  capable  of 
giving  twelve-inch  sparks,  and  which,  while  in  action,  caused  a 
divergence  in  a  gold-leaf  electrometer  (not  connected  \nth  the 
machine,  and  placed  four  yards  distance)  to  such  a  degree  that 
the  leaves  often  struck  the  pallets.  On  causing  the  cylinder  to 
revolve,  sometimes  veiy  slowly,  sometimes  very  rapidly,  the  gal- 
vanometer remained  undistm'bed ;  not  the  least  symptom  of  de- 
flection could  be  obtained. 

The  astatic  needle  of  this  galvanometer  weighed  but  4  grs. 

The  cause  of  the  want  of  correspondence  between  this  result 
and  that  of  ]M.  Colladon  is  ob\-ious.  He  employed  a  peculiar 
galvanometer,  so  insulated  as  to  prevent  lateral  communication 
of  electricity  from  layer  to  layer ;  for  unless  his  coil  were,  by 
better  insulation^  in  a  condition  to  confine  and  sustain  a  charge 
or  current  of  common  electricity  at  a  higher  intensity  than  such 
coils  ordinarily  are,  there  would  be  no  deflection.  The  high  in- 
tensity of  electricity,  caused  by  the  intei-position  of  a  Leyden 
battery,  greatly  promoted  the  effect ;  and  when  the  conductors 
alone  of  a  Nairne^s  machine  were  used,  he  found  it  necessary  to 
give  intensity  by  a  most  rapid  rate  of  revolution  to  the  cylinder, 
no  less  than  three  turns  per  second. 

In  my  experiment,  the  galvanometer  coil,  being  only  covered 
with  single  silk,  and  having  no  oiled  silk  interposed  between  the 
layers,  was  incapable  of  sustaining  a  high  intensity,  and  there- 
fore it  failed  to  produce  deflection  even  in  the  slightest  degree. 
But  from  this  failure  (an  intentional  one)  important  conse- 
quences result,  as  will  be  seen  from  the  following  comparative 
experiments. 

A  voltaic  pair  of  elements  was  prepared,  consisting  of  a  copper 

vTive  -jYoth  of  an  inch  in  diameter  and  a  thicker  platinum  wire. 

These  wires,  being  properly  connected  with  a  galvanometer,  were 

plunged  to  the  depth  of  one-twelfth  of  an  inch  into  concentrated 

*  Annales  de  Chimie  et  de  Physique,  xxxiii.  &2. 
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nitric  acid.  The  needle  whirled  round  the  whole  circle  three 
times.  The  immersed  portion  of  copper  wire  weighed  yyjTnd  of 
a  grain,  and  no  sensible  portion  of  it  was  dissolved  during 
the  momentary  action. 

I  coated  a  piece  of  the  same  wire  with  sealing-wax;  and 
having  cut  off  a  piece  so  that  a  fair  section  of  the  wire  was  pre- 
sented, tlie  wire  was  coimected  M'ith  the  galvanometer,  as  also  a 
small  platinum  wire.  The  two  wires  were  now  immersed  in  a 
few  drops  of  nitric  acid;  the  needle  started  off  60°.  Tiiis  took 
place  in  an  instant  of  time,  before  jo^o  u^^*-^^  °^  ^  grain  of  metal 
could  have  been  dissolved.  The  surface  of  copper  exposed  in 
this  case  was  a  circular  disc  ^y ^^^^  ^^  ^^  inch,  in  diameter. 

A  still  more  remarkable  case  is  the  following : — A  voltaic 
combination  was  made  of  two  ])latinum  wires,  to  the  end  of  one 
of  which  was  affixed  a  bit  of  gold-leaf  weighing  by  calculation 
about  ^^\j^dth  of  a  grain.  This  combination,  when  brought  in 
contact  with  a  single  drop  of  nitromuriatic  acid,  caused  the  needle 
to  start  off  160  ;  not  more  than  half  of  the  gold  appeared  to  be 
acted  on  by  the  acid. 

Here  then  the  most  feeble  voltaic  electricity  that  could  be 
produced  was  found  highly  active  in  causing  deflection,  although, 
of  common  electricity,  neither  the  highest  nor  the  lowest  in- 
tensity had  the  slightest  effect.  The  defence  that  the  su])})orters 
of  identity  would  offer  against  the  evidence  of  these  comparative 
experiments  would  ])e,  that  the  quantity  of  voltaic  electricity, 
although  feeble  in  intensity,  is  immeasurably  greater,  in  the  case 
of  the  minute  particles  of  metals  above  described,  than  any  cur- 
rent which  the  frictional  electricity  can  supply.  Such  an  ex- 
planation may,  in  the  present  instance,  be  pronounced  unsatis- 
factory. On  the  contrary,  the  quantity  of  common  electricity 
in  my  experiment  must  have  been  far  greater,  because  the  gal- 
vanometer coil  was  charged  with  its  highest  endurable  intensity; 
and  so  much  so,  according  to  Colladon^s  explanation,  as  to  cause 
a  lateral  overflow,  although  the  excess  must  have  left  the  wire 
charged  as  fully  as  its  single  insulation  could  sustain.  So  high 
an  intensity  could  not  have  subsisted  in  the  coil  unless  the  quan- 
tity of  electricity  were  very  much  greater  than  the  coil  could 
transmit,  for  intensity  is  the  ratio  of  quantity  to  space.  Yet  it 
is  remarkable  that  the  same  coil  readily  transmitted,  and  endured 
without  lateral  escape,  all  the  voltaic  electricity  which  the  minute 
particles  of  zinc  and  platinum  had  evolved. 

Some  persons  draw  a  distinction  between  statical  and  current 
electricity,  which  they  deem  all-sufficient  in  explaining  differ- 
ences of  effects  such  as  the  foregoing.  Now  a  current  has  never 
been  proved  to  run  in  voltaic  phccnomena  in  any  other  manner 
than  it  does  when  a  stream  of  electricity  passes  from  the  positive 
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to  the  negative  conductor  of  a  common  electrical  macliine.  The 
agent  in  both  cases  runs,  or  rather  flies,  with  a  rapidity  which 
surpasses  all  comprehension,  and,  as  far  as  we  know,  with  equal 
rapidity  in  both.  In  my  experiment  with  common  electricity, 
the  cm-rent  was  as  abundant  and  rapid  as  it  could  be  imagined 
to  be  in  the  case  of  the  voltaic  combination  of  the  wires  with 
gold-leaf;  for  the  coil  of  the  galvanometer  was  maintained  per- 
manently as  full  in  all  parts  as  it  could  contain.  The  current 
passed  as  rapidly  through  the  coil  as  the  wire  could  transmit  it 
from  the  positive  to  the  negative  conductor  of  the  electrical  ma- 
chine. In  what  way  can  a  more  rapid  current  be  conceived  ? 
In  fine,  it  is  drfficult  to  comprehend  how  the  quantity  could  be 
less  in  the  experiment  with  statical  electricity,  when  the  indica- 
tions of  its  presence  were  infinitely  greater ;  and  as  to  the  greater 
rapidity  of  motion  of  the  current,  sometimes  claimed  in  the  case 
of  the  voltaic  combinations,  it  is  but  an  assumption  unsupported 
by  any  known  fact,  and  contradicted  by  eveiything  we  know  of 
the  electric  fluid.  I  shall  hereafter  have  to  consider  more  fully 
the  peculiarities  attributed  to  current  electricitv. 

The  failure  of  a  common  galvanometer  to  produce  deflections 
with  frictional  electricity,  is  ex})lained  by  Colladon  by  the  lateral 
overflow  of  electricity  from  one  layer  to  another,  in  consequence 
of  the  surcharge  of  the  coil.  The  inference  therefore  is,  that 
deflections  are  produced  by  a  minute  pair  of  voltaic  elements, 
such  as  I  employed,  because  there  is  no  such  surcharge  or  over- 
flow. Can  this  explanation  be  admitted,  when  it  is  considered, 
that  although  the  coil  may  overflow  with  common  electricity,  it 
must  retain  at  least  its  full  quantum  of  charge ;  and  that  is  all 
it  can  derive  from  the  minute  pair  of  voltaic  elements,  if  it  can 
derive  so  much  ?  The  coil  is  therefore  under  at  least  equal  cir- 
cumstances in  both  cases ;  why  then  is  there  in  one  case  deflec- 
tion, and  in  the  other  none  ?  I  know  of  no  answer,  unless  it  be 
received  as  one,  according  to  the  suggestion  given  in  the  com- 
mencement of  this  essay,  that  the  agent  in  the  former  was  elec- 
tricity, which  contained  the  maximum  of  the  deflecting  elementary 
constituent ;  and  that  in  the  latter  the  agent  was  electricity  with 
its  natural  minimimi  of  the  deflecting  constituent,  because  it  was 
developed  by  mere  friction.  Hence  the  necessity  of  the  presence 
of  such  electricity  in  considerable  quantity  and  intensity  to  pro- 
duce the  required  effect. 

I  made  an  experiment  which  appears  to  be  explicable  in  the 
same  manner,  although  it  is  a  difficulty  in  the  way  of  the  popu- 
lar hypothesis.  I  selected  a  galvanometer  the  astatic  needle  of 
which  weighed  60  grs.  AYith  the  ends  of  its  coil  I  connected  a 
platinum  and  a  zinc  plate,  by  platinum  wires;  the  platinum 
plate  was  half  a  superficial  inch  square ;  the  zinc  plate,  made  of 

Phil.  Mag.  S.  4.  Vol.  3.  No.  17.  March  1852.  P 


210     Mr.  M.  Donovan  on  the  supposed  Identity  of  the  Agent 

the  thinnest  foil,  exposed  a  surface  of  only  one-hundredth  of  a 
square  inch.  The  ])latinuni  ])latc  was  immersed  in  a  mixture  of 
equal  parts  of  nitric  acid  and  water ;  the  zinc  was  then  intro- 
duced, when  instantly  the  needle  whirled  round  the  circle  com- 
pletely. In  order  to  estimate  what  was  the  equivalent  of  the 
voltaic  power  that  produced  this  effect,  I  arranged  a  couronne  des 
tasses  of  twenty  pairs  of  copper  and  zinc  plates,  each  three- 
quarters  of  a  square  inch  in  surface,  the  excitinp;  liquid  being 
dilute  sul])huric  acid.  The  polar  wires  were  connected  with  an 
electrometer,  consisting  of  two  gold  leaves  detached  and  insu- 
lated from  each  other,  and  so  contrived  that  they  could  be 
made  to  recede  or  approach.  By  causing  the  gold  leaves  con- 
nected witli  the  polar  wires  to  approach  very  gradually,  it  was 
found  tliat  when  they  were  within  about  one-tenth  of  an  inch  of 
each  other,  an  attraction  was  observable.  Each  gold-leaf  proved 
by  calculation  to  weigh  one- fiftieth  of  a  grain;  consequently 
each  was  3000  times  lighter  than  the  galvanometer  needle.  The 
couronne  des  tasses  produced  its  electrical  effects  on  the  gold 
leaves  by  a  surface  of  metal  more  than  1000  times  greater  than 
the  pair  of  minute  plates  which  whirled  the  needle  round.  If 
then  the  electrical  influence  on  the  gold  leaves  was  barely  ob- 
senable,  the  electrical  effect  of  the  minute  pair  of  plates  of  pla- 
tinum and  zinc  must  have  been  the  one-thousandth  of  a  barely 
observable  influence,  that  is,  practically  speaking,  no  electrical 
effect  at  all ;  yet  a  violent  impulse  was  communicated  to  a  needle 
3000  times  heavier  than  each  of  the  gold  leaves.  How  is  it 
possible  that  the  agent  which  influenced  the  gold  leaves  and  the 
galvanometer  needle  could  be  precisely  the  same  ? 

In  coming  to  the  conclusion  that  the  agent  was  different  in 
each  case,  we  are  relieved  from  all  emban-assment  relative  to  any 
supposed  influence  of  intensity  or  quantity,  as  it  was  voltaic 
electricity  that  acted  in  both  instances.  I  have  represented  the 
effects  here  according  to  the  condition  most  favourable  to  the 
common  hypothesis.  I  have  taken  the  power  of  the  couronne 
des  tasses  in  its  state  of  highest  intensity,  that  is,  when  the  cir- 
cuit was  open,  in  order  that  the  electrical  power  of  the  minute 
pail'  of  zinc  and  platinum  plates  might  be  fairly  estimated.  It 
may  be  supposed  that  the  quantity  of  electricity  of  the  couronne 
des  tasses  would  have  been  greater  had  the  circuit  been  closed, 
but  then  there  could  have  been  no  appreciable  intensity. 

There  is  a  familiar  fact,  which  seems  to  give  no  small  support 
to  the  notion  of  the  compound  nature  of  the  electric  fluid,  and 
the  different  ratio  in  which  its  constituent  elements  exist  under 
various  circumstances.  Connect  a  zinc  and  silver  plate  by  means 
of  a  straight  coj)per  wire  placed  horizontally.  Let  a  sharp  point 
of  a  sewing-needle  be  made  to  stand  erect  on  the  copper  wire, 
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and  on  this  place  a  magnetic  needle  within  an  eighth  of  an  inch 
of  the  wire.  The  apparatus^  set  standing  in  a  proper  vessel,  is 
to  be  so  turned  that  the  copper  horizontal  wire  shall  coincide 
with  the  direction  of  the  magnetic  needle.  Pour  a  sufficiency 
of  very  dilute  sulphuric  acid  into  the  vessel,  and  instantly  the 
needle  will  be  deflected  between  30°  and  40°.  This  is  the  same 
degree  of  deflection  which  the  galvanometer  needle  suffered  in 
Colladon's  experiment  with  common  electricity ;  but  in  order  to 
obtain  that  amount,  he  was  obliged  to  use  a  galvanometer  coil 
consisting  of  500  turns ;  that  is,  he  was  under  the  necessity  of 
employing  the  combined  effect  of  500  wires  carrying  an  intense 
power  of  common  electricity ;  whereas  in  the  experiment  just 
described,  where  the  effect  was  truly  voltaic,  the  same  amount  of 
deflection  was  produced  by  a  single  wire  carrying  the  most  feeble 
voltaic  electricity. 

The  experiments  of  ]\I.  Colladon  were  repeated  and  varied  by 
Professor  Faraday.  He  employed  a  Leyden  battery  having  a 
surface  of  3510  square  inches  of  coated  glass.  By  successive 
discharges  of  this  battery  through  the  galvanometer,  conducted 
by  a  wet  thread  4  feet  long,  the  needle  at  length  suffered  deflec- 
tion to  the  amount  of  40°  on  each  side  of  the  line  of  rest.  He 
obtained  the  same  deflection  also  by  electricity  direct  from  the 
prime  conductor,  without  the  battery*. 

The  plate  of  the  machine  used  by  Faraday,  as  described  by 
him,  is  50  inches  in  diameter;  it  is  furnished  with  two  sets  of 
rubbers  ;  one  revolution  of  the  plate  will  give  from  ten  to  twelve 
sparks  from  the  conductor,  each  1  inch  long.  The  battery  which 
produced  deflection  on  the  needle  had  been  charged  with  forty 
revolutions,  consisting  of  440  one-inch  sparks ;  and  as  it  was 
found  necessary  to  repeat  the  discharge  several  times  in  order  to 
produce  a  deflection  of  40°,  at  least  2000  one-inch  sparks  were 
required  for  that  purpose. 

These  deflections,  however,  both  in  the  case  of  the  battery  and 
of  the  conductor,  derived  assistance  from  other  sources  beside 
electricity,  which  greatly  magnified  their  amount.  The  swings 
of  the  needle  were  promoted,  from  very  small  arcs,  to  one  of  40° 
by  alternate  circulation  and  interruption  of  the  electric  current. 
Hence  the  amount  of  angular,  deviation  was  rather  a  semblance 
than  the  reality  of  voltaic  deflection.  A  heavy  pendulum  may 
be  made  to  oscillate  in  considerable  arcs  by  causing  the  weakest 
force  to  act  on  it  at  intervals  corresponding  with  the  time  of  its 
oscillations.  Since  the  deflection,  assisted  as  it  was  by  the  me- 
thod of  production,  was  but  40°,  how  feeble  must  have  been  the 
force  that  produced  it ! 

Mr.  Armstrong,  with  an  hydro-electric  machine  which  dis- 
*  Researches,  p.  85. 
P2 
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charged  torrents  of  electricity  and  gave  sparks  22  inches  long, 
could  only  produce  a  deflection  of  20^  or  30°. 

In  my  experiments  already  described,  a  bit  of  cop])cr  wire 
weighing  j^'j.Tud  of  a  grain,  in  connexion  with  a  platinum  wire, 
by  a  momentary  contact  with  nitric  acid,  caused  the  needle  to 
w'hirl  round  three  times,  that  is,  with  an  effect  incom])arably 
greater  than  the  maximum  in  the  experiments  of  Colladon  and 
Faraday.  An  atomof  gold-leaf  weigliing  ^^y^^j^dthof  a  grain  caused 
deflection  to  180^.  In  neither  ease  was  perhaps  the  ten-thou- 
sandth part  of  a  grain  of  metal  dissolved  before  deflection  com- 
menced. Is  it  possible  that  such  a  chemical  action,  which  almost 
exceeds  comprehension  for  minuteness  of  effect  and  of  duration, 
should,  in  its  results  on  the  galvanometer,  rival  the  enormous 
powers  of  the  plate  machine  and  the  hydro-electric  machine,  if 
the  agent  in  both  cases  had  been  the  same  ?  Some  scientific 
questions  are  best  decided  by  common  sense ;  and  if  common 
sense  decides  that  a  particle  of  copper  scarcely  visible  dii)ped  in 
nitric  acid  for  an  instant,  producing  no  obvious  effect  of  electri- 
c\ty,  does  notwithstanding  evolve  more  of  that  fluid  than  a 
hv'dro-electrie  machine,  which  pours  out  an  incessant  stream  of 
long  sparks,  I  must  then  admit  that  my  .arguments  are  worthless. 

But  there  is  one  experiment  of  Faraday  which  deserves  parti- 
cular notice.  He  found  that,  without  any  Leyden  battery,  he 
could  produce  deflection  merely  by  conducting  electricity  from 
the  prime  conductor  to  one  end  of  the  galvanometer  coil,  while 
the  other  end  was  in  conmiunieation  with  a  discharging  train, 
that  is,  a  metallic  connexion  with  the  gas-pipes  and  water-])ipes 
in  the  street.  Thus  the  electric  fluid  passed  from  the  conductor 
directly  through  the  galvanometer,  and  hence  to  the  common 
reservoir.  The  principal  feature  in  this  experiment  is,  that  no 
negative  conductor  was  employed,  nor  were  means  used  for 
brinuing  the  negative  state  of  electricity  into  operation;  the  de- 
flection was  therefore  obtained  by  a  current  of  positive  electricity 
only.  The  condition  for  producing  deflection  by  voltaic  elec- 
tricity, is  invariably  by  means  of  two  polar  conductors,  one  of 
which  is  said  to  carry  positive  electricity,  the  other  negative,  no 
matter  whether  these  be  different  states  or  different  fluids ;  both 
of  the  poles  must  be  in  operation,  and  the  moment  either  is 
withdrawn,  by  interrupting  the  circuit,  the  power  that  causes 
deflections,  and  all  the  other  phenomena,  ceases  to  act.  But  in 
Professor  Faraday's  experiment  this  condition  was  not  fulfilled. 
There  was  no  connexion  of  two  polar  conductors  with  the  coil ; 
positive  and  negative  electricity  were  not  in  operation;  there 
was  no  circuit ;  in  fine,  the  circumstances  were  totally  different 
from  those  under  which  voltaic  deflection  is  produced.  In  the 
voltaic  series,  the  negative  wire  is  not  passive,  like  the  discharging 
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train ;  it  is  as  active  as  the  positive  wire ;  it  collects  round  it  a 
whole  class  of  bodies  with  as  much  energy  as  the  positive  wire 
does  an  opposite  class ;  how  then  are  we  to  understand  its  absence 
in  the  dcHections  obtained  by  Fai-aday  with  common  electricity 
in  the  experiment  described  ?  If  we  look  upon  the  influence 
acting  in  two  indispensable  poles  as  the  cause  of  voltaic  phreno- 
mena,  can  we  consider  phcenomena  produced  by  one  pole  as 
emanating  from  the  same  cause  ? 

For  my  own  part,  I  cannot  dismiss  from  ray  mind  a  strong 
impression  that  the  agent  in  Faraday^s  experiment  was  not  the 
same  as  that  which  causes  voltaic  phamomeua.  Nav,  more  than 
this,  if  it  be  proved  by  his  experiment  that  common  electricity 
does  not  require  a  twofold  polar  arrangement  in  order  to  produce 
deflections,  I  cannot  see  what  the  use  is  of  the  two  poles  used  in 
his  and  Colladon's  experiments  with  the  Leyden  battery ;  one 
of  them  must  have  been  superfluous.  If  this  be  so,  we  arrive  at 
this  general  proposition,  that  voltaic  electricity  is  composed  of 
elements  existing  in  such  ratio,  and  so  combined  and  modifled_, 
that  it  must  be  brought  to  bear  upon  the  subject  of  its  action  by 
means  of  two  poles  simultaneously  and  equally  energetic ;  while 
the  proportions  and  mode  of  combination  in  the  common  electric 
fluid  are  such  that  it  produces  the  same  effect  with  one  pole  only. 
Thus,  by  Faraday's  experiments,  if  my  reasonings  be  correct,  an 
important  difference  is  established,  instead  of  an  identity;  other 
facts  and  arguments  of  the  same  tendency  will  be  hereafter 
brought  forward. 

I  now  take  leave  of  this  part  of  the  subject,  and  proceed  to 
consider  some  other  endences  Avhich  Iiave  been  brought  forward 
in  support  of  the  affirmed  efficiency  of  quantity  to  explain  the 
diff"erences  observable  between  the  effects  of  common  and  voltaic 
electricity.  It  is  a  subject  deserving  full  consideration,  as  on 
this  foundation  is  raised  the  whole  superstracture. 
[To  be  continued.] 


XXXII.   On  Rubian  and  its  Products  of  Decomposition. 
By  Edward  Schuxck,  F.R.S.* 

Part  I. 

AMONG  the  many  discussions  to  which  the  subject  of  madder 
has  given  rise  among  chemists,  there  is  none  which  is  caL 
culated  to  excite  so  much  interest  as  that  concerning  the  state 
in  which  the  colouring  matter  originally  exists  in  this  root,  and 
there  is  no  part  of  this  extensive  subject  v^hicli  is  at  the  same 

*  From  the  Philosophical  Transactions  for  1851,  part  ii. ;  having  been 
received  by  the  Royal  Society  January  9,  and  read  Februaiy  13,  1851. 
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time  involved  in  such  obscurity.  It  is  a  well-kno\Mi  fact  that  the 
madder  root  is  not  well  adapted  for  the  purjjoses  of  dyeing  until 
it  has  attained  a  growth  of  from  eighteen  months  to  three  years, 
and  that  after  being  gathered  and  dried  it  gradually  imjiroves 
for  several  years,  after  which  it  again  deteriorates.  During  the 
time  when  left  to  itself,  especially  if  in  a  state  of  powder,  it  in- 
creases in  weight  and  bulk,  in  consequence  probably  of  absorp- 
tion of  moisture  from  the  air,  and  some  chemical  change  is  ef- 
fected, which,  though  not  attended  by  any  striking  phsenoinena, 
is  sufficiently  well  indicated  by  its  results.  There  are  few  che- 
mical investigations  that  have  thrown  any  light  on  the  nature  of 
the  process  which  takes  place  during  this  lapse  of  time,  and  in 
fact  most  of  the  attempts  to  do  so  have  merely  consisted  of  ar- 
guments based  on  analogy.  It  has  been  surmised  that  the  pro- 
cess is  one  of  oxidation,  and  that  the  excess  of  atmospheric  air 
is  consequently  necessaiy.  We  are  indeed  acquainted  with  cases, 
in  which  substances  of  well-defined  character  and  perfectly  colour- 
less, as  for  instance  orciue  and  hematoxyline,  arc  converted  by 
the  action  of  oxygen,  or  oxygen  and  alkalies  combined,  into  true 
colouring  matters.  A  more  general  supposition  is,  that  the 
process  is  one  of  fermentation,  attended  perhaps  by  oxidation, 
and  in  confirmation  of  this  view  the  formation  of  indigo-blue 
from  a  colourless  plant,  by  a  process  which  has  all  the  cha- 
racters of  one  of  fermentation,  may  be  adduced.  AVhat  the 
substance  is  however  on  which  this  process  of  oxidation  or 
fermentation  takes  effect,  what  the  products  arc  which  are  formed 
by  it,  whether  indeed  the  change  is  completed  as  soon  as  the 
madder  has  reached  the  point  when  it  is  best  adapted  for  dyeing, 
or  whether  further  changes  take  place  when  it  is  mixed  with 
water  and  the  temperature  raised  during  the  process  of  dyeing, 
are  questions  which  have  never  been  satisfactorily  answered,  if 
answered  at  all.  It  has  indeed  been  suspected  by  several  chemists, 
that  there  exists  originally  some  substance  in  madder,  which  by 
the  action  of  fermentation  or  oxidation  is  decomposed  and  gives 
rise  by  its  decomposition  to  the  various  substances  endowed  either 
vnih.  a  red  or  yellow  colour,  which  have  been  discovered  during 
the  chemical  investigations  of  this  root.  That  several  of  these 
substances  are  merely  mixtures,  and  some  of  them  in  the  main 
identical,  has  been  satisfactorily  proved  by  late  investigators.  But 
there  still  remain  a  number,  which,  though  extremely  similar, 
have  properties  sufficiently  marked  to  entitle  them  to  be  con- 
sidered as  distinct. 

In  my  papers  on  the  colouring  matters  of  madder*,  I  have 
described   four    substances  derived  from  madder,  only  one  of 
which  is  a  true  colouring  matter,  but  all  of  them  capable,  under 
*  Phil.  Mag.  August  1848,  and  September  1849. 
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certain  circumstances^  as  for  instance  in  combination  with 
alkalies,  of  developing  red  or  purple  colours  of  various  intensity. 
To  seek  for  a  common  origin  for  these  various  bodies  so  similar 
to  one  another  and  yet  distinct,  is  very  natural,  and  the  discovery 
of  it  no  improbable  achievement. 

Persoz*  asserts  the  probability  of  this  view  in  the  following 
words  : — "  We  may  hence  venture  to  conclude  that  the  colour- 
ing matters  which  we  extract  from  fabrics  dyed  with  madder,  as 
well  as  the  alizarine  which  is  obtained  by  submitting  the  pro- 
ducts derived  from  madder  to  sublimation,  do  not  exist  ready- 
formed  in  this  root,  and  are  only  products  derived  from  another 

substance  which  has  not  yet  been  isolated From  numerous 

experiments  which  I  have  made  on  this  subject,  it  follows  that 
the  colouring  matter  of  madder  may  be  compared,  in  respect  to 
the  derivatives  to  which  it  gives  rise,  to  tannin,  so  that  I  do  not 
despair  of  being  able,  as  far  as  regards  their  metamorphoses,  to 
establish  a  parallel  between  the  products  derived  from  madder 
and  those  obtained  from  tannin.  If  it  should  be  possible  to 
confer  on  the  former  that  tendency  to  assume  regular  forms  with 
which  the  latter  are  endowed,  the  separation  of  the  proximate 
colouring  or  colom'-giving  {colorable)  matters  of  madder  \\dll  be 
easy,  and  it  will  thus  be  possible  to  establish  their  elementary 
composition  and  thence  their  relation  to  one  another." 

To  Mr.  J.  Higgin  is  due  the  merit  of  having  first  called  attention 
to  the  fact,  that  important  changes  take  place  during  the  process 
of  dyeing  \vith  madder,  which  can  only  be  explained  by  supposing 
that  an  actual  formation  of  colouring  matter  takes  place  during 
the  process.  In  his  paper  On  the  Colouring  Matters  of  Mad- 
der t,  Mr.  Higgin  has  detailed  his  experiments  on  that  pecuKar 
substance  discovered  in  madder  by  Kuhlmanu  and  called  by 
him  Xanthine.  I  have  shown,  on  a  former  occasion,  that  the 
xanthine  of  Kuhlmann  and  other  investigators  is  not  a  pure  sub- 
stance, but  a  mixture  of  two  distinct  substances.  This  fact  how- 
ever does  not  afi"ect  the  correctness  of  jNlr.  Higgin's  conclusions, 
the  general  accuracy  of  which  I  shall  have  great  pleasui'e  in 
confirming  in  the  course  of  this  paper.  The  presence  of  xan- 
thine is  easily  ascertained  by  the  deep  yellow  colour  and  in- 
tensely bitter  taste  which  it  communicates  to  cold  water.  Guided 
by  these  two  tests,  Mr.  Higgin  arrived  at  the  conclusion,  that 
in  an  infusion  of  madder,  made  with  cold  or  tepid  water,  when 
left  to  itself,  or  more  rapidly  when  heated  to  120°  or  130°Fahr., 
the  xanthine  gradually  disappears  and  there  is  formed  a  gelatinous 
or  flocculent  substance,  which  possesses  all  the  tinctorial  power 
originally  belonging  to  the  infusion,  while  the  liquid  has  lost 
all  trace  of  any  such  powei-,  and  that  as  alizarine  is  the  only 

*  Traite  de  V Impression  des  Tissus,  t.  i.  p.  501. 
t  Philosophical  Magazine  for  Oct.  1848. 
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substance  contained  in  madder  ca])able  of  dyeing,  the  xanthine 
must,  during  this  process,  have  been  changed  into  ahzarine. 
Mr.  lliggin  found  that  this  process  is  completely  arrested  by 
heating  the  infusion  to  the  boiling-point,  or  by  adding  alcohol, 
acids  or  acid  salts  to  it,  and  hence  he  concludes  that  the  decom- 
position of  the  xanthine  is  caused  by  the  action  of  a  ])eculiar 
ferment  contained  iu  madder,  and  which  is  extracted  together 
with  xanthine  by  cold  water.  jNIr.  Higgin  did  not  however 
succeed  in  converting  his  xanthine  into  alizarine  or  effecting 
any  change  in  it  by  means  of  fermentation,  in  consequence,  as 
he  supposed,  of  not  being  able  to  obtain  the  exciting  substance 
in  a  soluble  and  consequently  active  condition.  His  inferences 
were  all  derived  from  ex])criments  made  by  either  removing 
from  an  extract  of  madder  the  xanthine  contained  in  it,  or  by 
adding  to  it  an  additional  quantity  of  that  substance,  and  then 
ascertaining  the  effects  produced  by  dyeing  in  the  usual  way  with 
liquids  thus  artiticially  prepared.  By  the  action  of  sulphuric 
acid  on  xanthine,  Mr.  Higgin  obtained  a  dark  bi-own  powder, 
which  he  seems  to  consider  as  devoid  of  any  tinctorial  jjower. 

A  very  simple  experiment  suffices  to  prove  that  madder,  in  its 
dry  state,  contains  very  little,  if  any  alizarine  ready-formed.  If 
an  extract  of  madder  be  made  with  cold  water,  it  will  be  found 
that  the  brownish-yellow  liquid  thus  obtained  when  gradually 
heated  will  dye  as  well  and  as  strongly  as  the  madder  from  which 
it  has  licen  prepared.  Now  if  the  colouring  matter  were  origin- 
ally present  in  the  form  of  alizarine,  this  could  not  take  place, 
since  alizarine  is  almost  insoluble  in  cold  water ;  and  in  em- 
ploying it  for  the  purpose  of  dyeing,  it  is  necessary  to  dissolve  it 
in  warm  or  boiliD,9;  water  before  it  begins  to  exert  any  effect,  as 
is  ])lainly  seen  in  the  case  of  garancine,  which  contains  alizarine 
ready-formed.  Nor  is  there  much  colouring  matter  left  behind 
in  the  madder  after  extraction  with  cold  water,  for  after  con- 
verting the  residue  in  the  usual  manner  into  garancine  by  means 
of  sulphuric  acid,  it  is  found  to  be  capable  of  dyeing  only  very 
slightly.  Nay  more,  if  madder  be  extracted  with  hot  water 
instead  of  cold,  I  have  found  the  residue  to  give  a  garancine 
which  dyed  darker  colours  than  that  obtained  from  the  residue 
of  an  equal  weight  of  madder  extracted  with  cold  water,  so  that 
it  appears  that  the  colour-producing  substance  is  more  com- 
pletely removed  by  cold  than  by  hot  water.  If  an  extract  of 
madder  with  cold  water  be  left  to  stand,  there  is  formed  in  it,  as 
Mr.  Higgin  has  shown,  a  flocculent  substance,  while  the  liquid 
loses  its  bitter  taste,  part  of  its  yellow  colour  and  the  whole 
of  its  poAvcr  of  dyeing,  which  is  now  found  to  reside  in  its  whole 
extent  in  the  flocculent  substance.  This  change  takes  place 
equally  well  with  or  without  the  access  of  atmospheric  air. 

By  adcUng  a  variety  of  substances  to  an  extract  of  madder 
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^Yitll  cold  water,  I  was  enabled  to  ascertain  under  what  circum- 
stances and  by  what  means  the  tinctorial  power  of  the  hc|uid  is 
destroyed,  and  consequently  what  is  the  general  character  of 
the  substance  or  substances  to  which  it  is  due.  I  found  that  by 
adding  sulphmic  or  muriatic  acid  to  the  extract  and  heating, 
the  liquid,  after  neutralization  of  the  acid,  was  no  longer  capable 
of  dyeing.  The  tinctorial  power  was  also  destroyed  by  the  ad- 
dition of  hydrate  of  alumina,  magnesia,  protoxide  of  tin  and 
various  metallic  oxides,  but  not  by  car1)onate  of  linie  or  carbonate 
of  lead.  In  all  cases  in  wliich  the  pro])erty  of  dyeing  in  the  ex- 
tract was  destroyed,  I  invarialjly  found  that  its  bitter  taste  and 
bright  yellow  colour  were  lost.  Now  in  uiy  former  papers  on 
this  subject,  I  have  shown  that  the  intensely  bitter  taste  of  mad- 
der and  its  extracts  is  due  to  a  peculiar  substance,  to  wliich  I 
have  given  the  name  of  Rubian ;  and  as  it  appeai-ed  from  these 
preliminary  experiments  that  this  substance,  though  itself  no 
colouring  matter,  is  in  some  way  concerned  in  the  changes 
whereby  a  formation  of  colouring  matter  is  induced  in  aqueous 
extracts  of  madder,  I  proposed  to  myself  to  examine  its  properties 
and  products  of  decomposition  more  in  detail  than  I  had  hitherto 
done. 

The  first  step  necessary  to  be  taken  for  the  attainment  of  this 
object,  was  of  com'se  to  lind  a  method  of  procmiug  this  sub- 
stance in  quantities  sufficiently  large  for  the  purposes  of  exami- 
nation. I  was  at  the  commencement  however  far  from  appre- 
ciating the  difficulties  with  which  its  preparation  in  a  state  of 
pui'ity  is  attended.  The  process  which  I  had  formerly  described, 
by  precipitation  \\'ith  sulphuric  acid,  is  not  well  adapted  to  the 
purpose,  since  rubian  in  a  state  of  perfect  purity  is  not  pre- 
cipitated by  sulphuric  acid,  besides  which  it  is  easily  decomposed 
by  an  excess  of  that  acid.  Neither  is  it  precipitated  by  any 
metallic  salt,  ^vith  the  exception  of  basic  acetate  of  lead,  which, 
from  the  circumstance  of  its  precipitating  also  other  substances 
from  the  extract,  is  not  applicable  to  the  pm-pose.  It  is  decom- 
posed by  alkalies  and  alkaline  earths.  Even  bicarbonate  of 
lime  exerts  a  decomposing  effect  on  it  in  conjunction  with  the 
oxygen  of  the  atmosphere.  These  substances  must  therefore 
be  discarded  in  its  preparation.  Besides  its  great  tendency  to 
decomposition,  there  is  another  circumstance  which  presents 
obstacles  to  almost  all  attempts  to  prepare  rubian  in  a  state  of 
purity.  There  is  no  investigation  of  madder  v.hich  does  not 
make  mention  of  a  substance,  which  when  its  solution  in  water 
is  mixed  with  sulphuric  or  muriatic  acid  and  boiled,  gives  rise  to 
the  formation  of  a  dark  green  powder.  To  this  substance,  which 
possesses  no  bitter  taste,  and  is  in  fact  devoid  of  any  characteristic 
property  except  the  one  mentioned,  I  have  restricted  the  name 
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of  xanthine.  The  xanthine  of  most  other  eheniists  is  however 
a  mixture  of  rubian  with  this  substance,  and  possesses  therefore 
the  bitter  taste  of  the  former,  while  showing  the  characteristic 
behaviour  of  the  latter  towards  acids.  To  avoid  confusion,  I 
shall  no  longer  employ  the  name  of  xanthine,  and  1  shall  call 
the  substance  which  gives  the  green  powder  with  acids  Chloro- 
genine.  Now  these  two  substances,  though  of  very  different 
nature,  behave  similarly  towards  many  reagents.  If,  for  instance, 
basic  acetate  of  lead  be  added  to  a  watery  extract  of  madder, 
according  to  the  method  proposed  by  Berzelius  for  the  pre- 
paration of  xanthine,  and  adopted  with  a  slight  modification  by 
Mr.  Higgin,  there  is  produced  a  red  precipitate,  which  after 
being  washed  and  decomposed  with  sulphuretted  hycbogen  or 
sulphuric  acid,  gives  a  solution  containing  rubian ;  but  the 
presence  of  clilorogenine  is  also  indicated  by  its  turning  dark 
green  when  boiled  with  the  addition  of  sulphuric  or  muriatic 
acid.  Hence  it  follows  that  ehlorogenine,  though  it  is  not 
thrown  down  by  basic  acetate  of  lead,  when  present  alone  in 
a  solution,  is  still  in  part  precipitated  thereby  when  rubian  is 
present  at  the  same  time.  The  same  circumstance  takes  place 
with  other  preeipitants. 

After  numerous  experiments  I  discovered  a  property  of  rubian, 
which  is  perhaps  more  characteristic  of  it  than  any  other,  and 
that  is  the  remarkable  attraction  which  is  manifested  by  it 
towards  all  substances  of  a  porous  or  finely-divided  natui'e,  and 
it  was  this  property  by  means  of  which  I  was  at  length  enabled 
to  obtain  it  in  a  state  of  purity.  If  to  a  watery  extract  of  mad- 
der a  quantity  of  protochloride  of  tin  be  added,  a  light  purple 
lake  is  precipitated.  Most  of  the  rubian  remains  in  the  solution, 
which  still  retains  its  yellow  coloiu'  and  bitter  taste.  If,  however, 
after  filtering,  sulphuretted  hydrogen  be  passed  through  it,  then, 
provided  the  quantity  of  tin  still  in  solution  be  sufficiently  large, 
the  sulphuret  of  tin,  at  the  moment  of  precipitation,  carries  down 
the  whole  of  the  rubian,  and  the  solution  loses  its  bitter  taste 
and  the  greater  part  of  its  yellow  colour.  The  whole  of  the 
ehlorogenine  remains  in  solution,  and  may  easily  be  detected 
in  the  filtered  liquid  by  means  of  acids.  If  the  sulphuret  of 
tin,  after  being  collected  on  a  filter  and  well  washed  with  cold 
water  until  the  percolating  liquid  no  longer  gives  a  green  colour 
on  being  mixed  with  acid  and  boiled,  be  treated  v.ith  boiling 
alcohol,  a  yellow  solution  is  obtained,  which  on  evajioration  gives 
pure  rubian,  without  any  admLxture  of  ehlorogenine,  in  the 
shape  of  a  dark  yellow,  brittle  substance.  The  same  effect  is 
produced  by  sul])huret  of  lead.  If  sugar  of  lead  be  added  to 
an  extract  of  madder,  a  dark  reddish-brown  precipitate  falls,  the 
hquid  still  containing  the  rubian  of  the  extract,  as  seen  by  its 
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deep  yellow  colour  aud  bitter  taste.  If  sulphuretted  hydrogen 
be  uow  passed  through  the  filtered  liquid,  a  great  part  of  the 
rubian  goes  down  with  the  sulphuret  of  lead,  and  may  again  be 
separated  from  it  by  means  of  boiling  alcohol.  That  this  action 
of  the  sulphurets  on  rubian  depends  very  much  on  their  state  of 
division,  and  is  therefore  mainly  of  a  mechanical,  and  not  che- 
mical nature,  is  proved  by  the  fact,  that  the  sulphurets  of  tin 
and  lead,  if  prepared  by  precipitation  from  solutidus  of  salts  in 
water,  and  then  allowed  to  settle  and  repose  for  some  time  before 
being  added  to  a  watery  extract  of  madder,  remove  far  less  rubian 
from  it  than  they  do,  if  they  are  formed  in  the  extract  itself, 
whence  it  follows  that  it  is  only  in  the  minute  state  of  division, 
in  which  they  exist  at  the  moment  of  precipitation,  before  the 
particles  have  time  to  cohere,  that  these  sulphurets  exert  any 
great  attraction  for  rubian.  That  they  do  however  combine 
with  some  portion  of  the  rubian,  is  proved  by  the  fact,  that  the 
power  of  dyeing  in  an  extract  of  madder  is  very  much  diminished 
by  adding  to  it  sulphuret  of  tin  or  lead,  previously  precipitated. 
Of  the  two  sulphurets,  the  sulphuret  of  tin,  which  is  always 
precipitated  in  much  finer  particles  than  the  other,  is  by  far  the 
most  powerfid  absorbent  of  rubian.  If  equivalent  quantities  of 
protochloride  of  tin  and  acetate  of  lead  be  added  to  equal  measures 
of  watery  extract  of  madder,  the  sulphuret  of  tin  from  the  former 
absorbs  at  least  twice  as  much  rubian  as  the  sulphuret  of  lead 
from  the  latter.  Sulphuret  of  copper  acts  differently.  If  sul- 
phate of  copper  be  added  to  the  extract  of  madder,  a  precipitate 
is  produced,  as  in  the  case  of  almost  all  metallic  salts.  On  pass- 
ing sulphuretted  hydrogen  through  the  filtered  liquid,  the  latter 
becomes  dark  brown,  but  no  sulphuret  of  copper  is  precipitated. 
This  attraction  of  surface  exerted  towards  rubian  by  bodies  in 
a  state  of  minute  division  is  not  confined  to  metallic  sulphurets. 
There  are  few  bodies  which  exceed  animal  charcoal  in  porosity, 
or  which,  in  other  words,  possess  for  the  same  bulk  a  greater 
extent  of  surface.  I  found  accordingly  that  animal  charcoal  ex- 
hibits a  still  greater  attraction  for  rubian  than  even  sulphuret  of 
tin.  A  very  small  quantity  of  animal  charcoal  is  sufficient  to 
deprive  an  aqueous  extract  of  madder  of  its  bitter  taste  and  of 
its  tinctorial  po-.ver.  Lamp-black  acts  in  the  same  manner, 
though  much  less  powerfully.  Wood  charcoal  however  has  no 
absorbent  effect  whatever  on  rubian.  All  these  substances  at- 
tract rubian  alone,  leaving  the  other  substances  contained  in 
the  extract,  such  as  chlorogenine,  sugar  and  pectine,  untouched. 
By  means  of  boiling  alcohol  part  of  the  rubian  in  combination 
with  them  is  again  removed,  and  thus  an  easy  and  efficient  means 
is  given  of  obtaining  rubian  in  a  state  of  purity.  Of  these  sub- 
stances none  is  so  well  adapted  in  all  respects  as  animal  charcoal. 
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In  employing  sulphuret  of  tin,  which  is  the  only  one  that  at  all 
approaches  it  in  efficiency,  much  time  is  consumed  in  the  pro- 
cess of  filtration  and  washing.  Besides  this,  I  found  that  on 
operating  with  it  on  a  large  scale,  the  ruhian  obtained  was  in 
great  part  decomposed  on  evaporating  the  alcoholic  solution, 
just  as  if  it  contained  a  quantity  of  acid;  and  even  on  treating 
a  portion  of  the  solution  Avith  carbonate  of  lime,  for  the  purpose 
of  neutralizing  any  free  acid  that  might  be  present,  and  evapo- 
rating over  sulphuric  acid  at  the  ordinary  temperature,  there 
was  obtained  a  deliquescent  mass,  which  as  further  experiments 
showed,  could  not  be  considered  as  pure  rubian.  Alter  many 
trials  I  at  length  adopted  the  following  method  of  preparation, 
which  surpasses  all  others  in  facility  and  certainty  of  execution. 
A  weighed  quantity  of  madder*  being  placed  on  a  piece  of 
calico  or  tine  canvas  stretched  on  a  wooden  frame,  boiling  water, 
which  is  preferable  to  cold  water,  as  all  decomposition  of  the 
rubian  by  means  of  fermentation  is  thereby  arrested,  is  poured 
on  it,  four  quarts  of  the  latter  being  sufficient  for  every  pound 
of  madder.  A  dark  yellowish-brown  liquor  is  obtained,  to  which 
there  is  added,  while  hot,  for  every  pound  of  madder  taken  1 
ounce  of  animal  charcoal,  prepared  in  the  usual  way  from  bones. 
This  pro])ortion  of  charcoal  sliould  not  be  exceeded,  for  if  an  ex- 
cess of  it  be  taken,  as  for  instance  1^  ounce  for  every  pound  of 
madder,  the  whole  of  the  rubian  is  certainly  removed  from  the 
solution ;  but  on  afterwards  treating  the  charcoal  with  alcohol 
very  little  rubian  is  (hssolved,  from  which  it  appears  that  the  sol- 
vent power  of  the  alcohol  only  overcomes  the  attraction  of  the 
charcoal  for  rubian  in  part.  In  using  the  first  proportion,  part 
of  the  bitter  taste  of  the  extract  remains,  showing  that  the  rubian 
is  in  excess.  The  liquid  being  well  stirred  with  the  charcoal,  the 
latter  is  allowed  to  settle,  which  it  does  in  a  very  short  time,  and 
the  liquid,  which  still  retains  a  brown  colour,  is  decanted.  The 
charcoal  is  then  placed  on  a  piece  of  calico  or  on  a  paper  filter 
and  washed  with  cold  water,  imtil  the  percolating  liquid,  when 
mixed  with  muriatic  acid  and  Ijoiled,  no  longer  acquires  a  green 
colour,  which  is  a  sign  that  the  chloi-ogcnine  is  removed.  These 
operations  occupy  a  very  short  time,  in  consequence  of  the  rapidity 
with  which  the  animal  charcoal  may  be  washed.  The  animal  char- 
coal is  now  treated  with  boiling  alcohol,  which  is  filtered  boiling 
hot,  and  the  treatment  is  repeated  until  it  no  longer  communi- 
cates to  the  alcohol  any  yellow  colour.  The  rubian  obtained  by 
evaporating  the  alcoholic  liquid  is  however  impure ;  it  contains  a 
considerable  quantity  of  chlorogenine,  however  carefully  the  char- 
coal may  have  been  washed  with  water,  and  consequently  gives  a 
ereen  powder  when  treated  with  boiling  sulphuric  or  muriatic  acid. 
*  Avignon  madder,  of  the  variety  called  Rosa,  was  tlie  kind  used. 
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This  proceeds  from  the  circumstance,  that  fresh  animal  charcoal, 
when  used  in  the  preparation  of  rubian,  invariably  takes  up, 
besides  rubian,  a  quantity  of  chlorogeninc,  which  is  not  re- 
movable by  cold  water,  but  which  afterwards  dissolves  together 
with  the  rubian  in  boiling  alcohol.  Nevertheless,  on  using  the 
charcoal  which  has  been  once  employed,  after  treatment  wath 
alcohol,  a  second  time  for  the  same  purpose,  it  seems  to  take  up 
rubian  alone  and  no  chlorogeninc,  notwitb standing  its  being,  as 
might  be  supposed,  in  the  same  condition  for  again  absorbing 
the  latter  as  it  w^as  in  the  first  instance.  At  all  events,  the  al- 
cohol dissolves  only  rubian  out  of  the  charcoal,  when  it  is  used 
a  second  time ;  and  if  the  alcohol  should  still  contain  cliloro- 
genine,  there  will  certainly  not  be  a  trace  of  the  latter  in  the 
alcoholic  solution,  when  the  charcoal  is  used  for  the  third  time. 
That  the  attraction  of  the  charcoal  for  rubian  is  not  diminished 
after  it  has  been  once  used  and  then  exhausted  with  alcohol, 
however  indifferent  it  then  becomes  towards  chlorogeninc,  is 
proved  by  the  fact  that  far  more  rubian  is  obtained  when  the 
charcoal  is  employed  for  the  second  time  than  in  the  first  instance. 
If  the  animal  charcoal,  after  being  once  used  and  exhausted,  be 
heated  red-hot  so  as  to  destroy  all  organic  matter  contained  in 
it,  it  again  behaves  towards  the  two  substances  in  the  same 
manner  as  in  the  first  instance,  that  is,  it  absorbs  a  mixture  of 
rubian  and  chlorogeninc.  It  is  therefore  advisable  to  reject  the 
rubian  which  is  obtained  from  the  charcoal  that  has  been  used 
for  the  first  time*.  If  a  small  portion  of  the  alcohol  with  which 
the  charcoal  has  been  treated  no  longer  gives  a  green  colour  when 
mixed  with  acid  and  boiled,  but  remains  of  a  pure  yellow^,  it  is 
distilled  or  evaporated.  During  evaporation  a  small  quantity  of 
a  dark  brown  flocculent  substance  is  deposited,  which  is  separated 
by  filtration.  The  solution  now  contains,  besides  rubian,  another 
substance  in  small  quantity,  which  is  a  product  of  decomposi- 
tion of  rubian  itself,  and  is  probably  formed  by  the  application 
of  too  great  a  heat  in  the  process  of  di'ying  the  madder.  There 
are  two  w^ays  in  which  this  substance  may  be  removed.  The 
first  consists  in  adding  to  the  solution  sugar  of  lead,  which  pre- 
cipitates it  in  dark  reddish-brown  flocks.  These  being  separated 
by  filtration,  the  rubian  is  precipitated  by  means  of  basic  acetate 
of  lead,  and  the  light  red  compound  or  lake,  after  being  washed 
with  alcohol  to  remove  all  excess  of  lead  salt,  is  decomposed 
either  with  sulphuretted  hydrogen,  or  better  still  ■with  sulphuric 
acid,  the  excess  of  the  latter  being  removed  by  carbonate  of  lead. 

*  This  impure  nibian  cannot  be  purified  by  means  of  basic  acetate  of 
lead,  since  when  rubian  is  present  in  a  sohition  together  with  chlorogeninc, 
the  latter  is,  though  not  entirely,  still  in  great  part  precipitated  together 
with  the  rubian  by  that  salt. 


222     Dr.  Scbunck  on  Rubian  and  its  Products  of  Decomposition. 

The  other  method,  which  is  more  expeditious,  consists  in  add- 
ing sulphuric  acid  to  the  cold  solution,  alter  the  greatest  part  of 
the  alcohol  has  been  evaporated.  The  sulphuric  acid  completely 
decomposes  the  foreign  substance,  ])rovided  a  sufficient  quantity 
is  employed,  and  converts  it  into  a  substance  which  renders  the 
solution  milky,  and  then  tails  in  the  sha))e  of  brown  resin-like 
drops.  The  sulphuric  acid  l^eing  neutralized  with  carbonate  of 
lead,  the  filtered  solution,  which  is  yellow  and  now  contains  pure 
rubian,  is  evaporated  to  dryness.  It  is  necessary  to  employ  car- 
bonate of  lead,  and  not  carbonate  of  baryta,  for  the  neutralization 
of  the  sulphuric  acid  in  both  cases ;  for  if  carbonate  of  baryta  be 
used,  the  bicarbonate  of  baryta  which  is  usually  formed,  even  if 
present  only  in  small  quantity,  causes  part  of  the  rubian  to  un- 
dergo decomposition.  In  eva])oratiug  the  solution  of  rubian, 
cai'e  must  be  taken  not  to  employ  too  great  a  heat  when  the 
evaporation  approaches  to  a  conclusion.  The  ordinary  heat  of 
a  sand-bath  is  sufficient  to  decompose  rubian  in  great  part, 
especially  if  a  large  quantity  of  the  substance  be  present.  It  is 
therefore  advisable,  when  the  solution  is  nearly  evaporated,  to 
complete  the  evaporation  either  in  a  water-bath  or  in  a  mode- 
rately warm  place.  The  free  access  of  atmospheric  air  need  not 
be  feared,  as  rubian  is  not  thereby  decomposed,  unless  some  other 
substance  be  present  at  the  same  time.  The  quantity  of  rubian 
which  I  have  obtained,  according  to  this  method  of  preparation, 
amounts  to  about  1000  grs.  from  1  cwt.  of  madder.  It  may  be 
mentioned  that  the  method  of  preparing  rubian,  as  above  de- 
scribed, by  means  of  animal  charcoal  and  alcohol,  is  not  new  in 
principle.  Lebourdais*  has  proposed  the  same  method  for  the 
preparation  of  several  vegetable  substances,  such  as  colocynthine, 
strychnine,  quinine,  &c. 

Properties  of  Rubian. — When  prepared  according  to  the  method 
just  described,  rubian  is  obtained  as  a  hard,  dry,  brittle,  shining, 
perfectly  uncrystalline  substance,  similar  in  appearance  to  gum 
or  dried  varnish.  It  is  not  in  the  least  deliquescent,  as  xanthine 
is  described  to  be.  In  thin  layers  it  is  perfectly  transparent  and 
of  a  beautiful  dark  yellow  colour.  In  large  masses  it  appears 
dark  brown.  It  is  very  soluble  in  water  and  alcohol,  more  so  in 
the  former  than  the  latter,  but  insoluble  in  sether,  which  pre- 
cipitates it  from  its  alcoholic  solution  in  brown  drops.  Its 
solutions  have  an  intensely  bitter  taste.  When  it  is  pure,  its 
solution  in  w^atcr  gives  no  precipitates  with  the  mineral  or  organic 
acids,  nor  with  salts  of  the  alkalies  or  alkaline  earths.  Acetate  of 
alumina,  alum,  protacetate  and  peracetate  of  iron,  acetate  of  zinc, 
neutral  and  basic  acetate  of  copper,  acetate  of  lead,  nitrate  of 

*  On  the  Nature  and  Preparation  of  the  Active  Principles  of  Plants, 
Ann.de  Chem.etdePhys.  3™' ser.  t.xxiv.p.58.    [Chem.  Gaz.vol.vi.p.442.] 
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silver,  percliloride  of  tin,  protonitrate  of  mercury,  perchloride  of 
mercury  and  chloride  of  gold  produce  no  precipitate  whatever 
in  a  watery  solution  of  pure  rubian,  nor  does  any  reaction  take 
place,  except  a  darkening-  of  the  solution  in  the  case  of  some  of 
these  salts.  If  the  rubian  be  impure,  which  is  always  the  case 
when  the  solution  has  been  incautiously  evaporated  and  the 
rubian  has  been  exposed  to  too  great  a  heat  after  evaporation, 
then  its  solution,  though  it  does  not  differ  in  appearance  from 
one  of  pure  rubian,  when  mixed  with  any  mineral  or  organic 
acid,  even  acetic  acid,  or  the  salts  of  the  alkalies  or  alkaline  earths, 
is  rendered  milky,  and  a  quantity  of  dark  brown  transparent 
resinous  drops,  mixed  vvith  yellow  tlocks,  are  deposited.  These 
drops,  in  the  case  of  the  salts,  consist  merely  of  a  substance 
insoluble  in  saline  liquids,  which  dissolves  again  in  pure  water ; 
but  in  the  case  of  acids,  they  are,  though  similar  in  appearance, 
a  product  of  decomposition  of  the  latter  substance,  and  do  not 
redissolve  in  pure  water.  Sugar  of  lead  gives,  in  a  solution  of 
impure  rubian,  a  dark  reddish-brown  precipitate.  Most  me- 
tallic salts  also  give  precipitates,  consisting  either  of  the  sub- 
stance itself  which  accompanies  the  rubian,  or  of  compounds  of 
this  substance,  with  the  respective  metallic  oxides.  I  shall  re- 
turn to  these  reactions  when  I  come  to  treat  of  the  action  of 
heat  on  rubian.  Basic  acetate  of  lead  gives  a  copious  light  red 
precipitate  in  a  solution  of  pure  rubian,  the  solution  becoming 
colom-less.  This  is  the  only  definite  compound  of  rubian  with 
a  base  that  I  am  acquainted  with.  Conceutrated  sulphuric  acid 
dissolves  rubian  with  a  blood-red  colour;  on  boiling  the  solution 
it  becomes  black  and  disengages  sulphurous  acid  gas  in  abun- 
dance, after  which  water  precipitates  a  black  carbonaceous  mass. 
If  sulphuric  acid  be  added  to  a  wateiy  solution  of  rubian,  and 
the  mixture  be  boiled,  the  solution,  if  cUlute,  becomes  opalescent, 
and  on  cooling  a  quantity  of  light  yellow  flocks  are  deposited ; 
and  if  the  solution  was  concentrated,  these  are  formed  m  such 
abundance  ion  cooling  as  to  render  the  liquid  thick.  If  these 
flocks  exhibit  the  least  tinge  of  green,  the  presence  of  chlorogeniue 
is  indicated,  .\Iuriatic  acid  acts  in  precisely  the  same  manner. 
Nitric  acid  produces  in  the  cold  no  effect  in  a  solution  of  rubian ; 
but  on  boiling,  a  disengagement  of  nitrous  acid  takes  place,  the 
hquid  becomes  light  yellow,  and  now  contains  the  acid  vrhich  I 
called  in  my  former  papers  alizaric  acid,  and  which  Laurent 
and  Gerhardt  consider  as  identical  with  naphthalic  acid.  Phos- 
phoric, oxalic,  tartaric  and  acetic  acids  produce  no  effect  on  the 
solution,  even  on  boiling  for  some  time.  When  a  stream  of 
chlorine  gas  is  passed  thi-ough  a  watery  solution  of  rubian,  the 
solution  immediately  becomes  milky  and  begins  to  deposit  a 
lemon-yellow  powder,  into  which,  on  continuing  the  action,  the 
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whole  of  the  rubian  is  converted,  the  liquid  becoming  colourless. 
Caustic  soda  turns  the  colour  of  the  solution  from  yellow  to 
blood-red,  and  on  neutralizing  the  alkali  with  acid,  a  clear  yel- 
low solution  is  again  obtained.  By  boiling  the  solution  to 
which  the  soda  has  been  added,  the  colour  changes  from  blood- 
red  to  jnn'ple ;  and  on  now  supersaturating  the  alkali  with  acid, 
a  reddish  yellow  precipitate  falls,  while  the  supernatant  liquid 
becomes  almost  colourless.  Ammonia  changes  the  colour  of  a 
solution  of  vubiau  to  blood-red;  the  colour  is  not  changed  by 
boiling ;  and  by  supersaturating  the  ammonia  with  acid  either 
before  or  after  boiling,  no  precipitate  is  formed.  Lime  and 
baryta  water  give  dark  red  precipitates  in  a  solution  of  rubian, 
which  are  soluble  in  pure  water,  forming  dark  red  solutions. 
Magnesia  turns  the  solution  dark  red ;  the  solution  contains 
magnesia.  The  carbonates  of  lime  and  baryta  produce  no  per- 
ce])tible  effect  on  a  solution  of  rubian ;  they  do  not  change  its 
colour,  nor  do  they  take  up  any  rubian.  Hydrate  of  alumina, 
when  placed  in  a  solution  of  rubiau,  acquires  a  brownish-yellow 
colour.  If  sufficient  alumina  be  taken,  the  liquid  is  rendered 
almost  colourless.  Ilydrated  peroxide  of  iron  acts  in  a  similar 
manner.  Oxide  of  copper  also  removes^most  of  the  rubian  from 
its  solution.  Alkaline  solutions  of  rubian  do  not  reduce  the 
oxides  of  silver  and  copper  on  the  addition  of  salts  of  these 
oxides,  but  they  reduce  salts  of  gold  to  the  metallic  state.  When 
heated  on  platinum  foil,  rubian  melts,  swells  up  very  much, 
burns  with  a  tlame  and  gives  a  carbonaceous  residue,  which  does 
not  entirely  disappear  on  being  further  heated,  but  leaves  a 
quantity  of  ash.  When  heated  gradually  in  a  tube,  it  begins  to 
undergo  decomposition,  aceomjjanied  by  loss  of  water  at  a  tem- 
perature of  about  130°C.,  and  is  converted  into  another  substance, 
which  I  shall  describe  further  on.  When  heated  to  a  still  higher 
degree  in  a  tube  or  retort,  it  gives  fumes  of  an  orange  colour, 
which  condense  on  the  colder  parts  of  the  vessel  to  a  crystalline 
mass,  C(msisting  chieily  of  alizarine. 

llubian  cannot  be  considered  as  a  colouring  matter  in  the 
ordinary  sense  of  the  word.  It  imparts  hardly  any  colour  to 
mordanted  cloth,  when  an  attempt  is  made  to  dye  with  it  in  the 
usual  way,  the  alumina  mordant  only  acquiring  a  slight  orange, 
the  iron  mordant  a  light  brown  colour. 

Composition  of  Rubian. — In  determining  the  composition  of 
rubian,  I  found  it  necessary  to  take  into  consideration  the  fact 
of  its  leaving  when  burnt  a  considerable  quantity  of  ash.  This 
ash  consists  almost  entirely  of  carbonate  of  lime.  The  amount 
of  ash  is  not  uniform  in  different  specimens ;  it  is  greatest  when 
the  rubian  has  been  purified  by  means  of  sulphuric  acid,  but  I 
have  never  been  able  to  obtain  it  in  a  state  in  which  it  burns 
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without  any  residue.  Even  after  being  precipitated  with  basic 
acetate  of  lead  and  again  separated  from  the  oxide  of  lead,  rubian 
leaves  some  ash  on  being  burnt,  so  that  it  appears  as  if  the 
lime  which  it  contains  were  an  essential  constituent,  or  at  all 
events,  that  it  follows  it  into  the  lead  compound,  from  which  it 
cannot  be  removed  by  means  of  water  or  alcohol. 
The  following  results  were  obtained  on  analysis  : — 

I.  0-3880  grm.  rubian,  which  had  been  purified  by  means 
of  sulphuric  acid,  dried  at  100°  C,  gave,  when  burnt  with  oxide 
of  copper,  0"7210  carbonic  acid  and  0*1745  water. 

II.  0*4780  grm.  of  the  same  preparation,  burnt  with  oxide 
of  copper,  gave  0*8865  carbonic  acid  and  0*2180  water. 

III.  0*4755  grm.  of  the  same  preparation,  burnt  with  oxide 
of  copper,  gave  0*8835  carbonic  acid  and  0*2180  water. 

0*1090  grm.,  on  being  incinerated,  left  0*0130  grm.  of 
ash  =  7*69  per  cent. 

IV.  0*3910  grm.  rubian,  purified  by  means  of  acetate  and 
basic  acetate  of  lead,  burnt  with  chromate  of  lead,  gave  0*7455 
carbonic  acid  and  0*1880  water. 

0*4050  grm.  of  this  preparation  left  0*0215  grm.  of  ash  =  5*30 
per  cent. 

V.  0*4235  grm.  rubian,  purified  in  the  same  way  as  I.  and 
burnt  with  chromate  of  lead,  gave  0*7890  carbonic  acid  and 
0-2020  water. 

0*6400  grm.  of  this  preparation  left  00465  ash  =  7*26  per 
cent. 

VI.  0*4390  grm.  rubian,  purified  in  the  same  way  as  IV., 
burnt  with  chromate  of  lead,  gave  0*8370  carbonic  acid  and 
0*2120  water. 

0*8400  grm.  of  this  preparation  left  00440  ash  =  5*23  per 
cent. 

After  making  the  necessary  corrections  for  the  ash,  these 
numbers  correspond  in  100  parts  to — 


I. 

II. 

III. 

IV. 

V. 

VI. 

Carbon    .    . 

.    54-89 

54-79 

54-89 

54*90 

54-78 

54-84 

Hydrogen    . 

.      5*41 

5*48 

5*51 

5*64 

5-71 

5-66 

Oxygen  .    . 

.    39*70 

39-/3 

39*G0 

39*46 

39-51 

39-50 

Rubian  contains  no  nitrogen.  On  burning  it  with  oxide  of 
copper  and  collecting  the  gas  over  mercury,  I  found  the  latter  to 
be  entirely  absorbed  by  caustic  alkali.  AVhen  burnt  with  lime 
and  soda,  only  a  minute  trace  of  chloride  of  platinum  and  am- 
monium was  obtained.  The  statement  contained  in  my  former 
paper,  v\'hich  was  made  at  a  time  when  I  had  not  obtained 
rubian  in  a  state  of  absolute  purity,  that  nitrogen  is  one  of  its 
constituents,  must  therefore  be  corrected. 
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From  tlie  above  analyses  tlie  following  composition  may  be 
deduced :  — 


Eqs. 

Calculated. 

Carbon     .     . 

.     56 

336 

55-08 

Hydrogen     . 

.     34 

34 

5-57 

Oxygen    .     . 

.     30 

240 

39-35 

610 

10000 

The  compound  with  oxide  of  lead,  which  was  the  only  one  that 
could  be  cnijiloyed  for  the  determination  of  the  atomic  weight, 
was  prepared  by  dissolving  rubian  in  alcohol,  adding  acetate  of 
lead,  precipitating  with  a  little  ammonia,  taking  care  to  leave 
an  access  of  rubian,  and  washing  with  alcohol.  If  it  be  prepared 
by  precipitation  from  a  watery  solution  by  means  of  basic  acetate 
of  lead,  great  difficulties  are  experienced  in  the  com-se  of  filtra- 
tion ;  the  liquid  begins  to  run  through  slowly,  the  precipitate 
becomes  somewhat  mucilaginous  and  adheres  to  the  paper,  and 
sometimes  even  it  seems  to  be  decomposed  and  no  longer  gives 
unchanged  rubian,  but  a  dark  brown  viscid  substance.  Its  ana- 
lysis gave  the  following  results ; — 

I.  0'3670  grm.,  dried  at  100°  C.  and  burnt  with  chromate  of 
lead,  gave  0-3520  carbonic  acid  and  0-0875  water. 

0-3360  grm.  gave  0-2390  sulphate  of  lead. 

II.  0-4440  grm.  of  another  preparation,  burnt  with  chromate 
of  lead,  gave  0*4190  carbonic  acid  and  0-1115  water. 

0-4320  grm.  gave  0-3100  sulphate  of  load. 

III.  0-4635  grm.  of  the  same  preparation  as  the  last  gave 
0-4450  carbonic  acid  and  0-1050  water. 

0-5405  grm.  gave  0-3880  sulphate  of  lead. 

These  numbers  lead  to  the  following  composition  : — 


Eqs. 

Calculated. 

I. 

II. 

III. 

Carbon     .     . 

.     56 

336 

26-25 

2615 

25-73 

26-18 

Hy(b-ogeu 

.     34 

34 

2-65 

2-64 

2-87 

2-61 

Oxygen    .     . 

.     30 

240 

18-76 

18-8!) 

18-62 

18-51 

Oxide  of  lead 

.       6 

670 

52-34 

52-32 

52-78 

52-80 

1280       10000       10000       100-00       100-00 

Hence  it  appears  that  oxide  of  lead  in  combining  ^\-ith  rubian 
does  not  replace  any  basic  Avatcr,  as  is  usually  the  case. 

It  may  easily  be  conceived  that  a  body  so  readily  decomposed 
as  rubian  gives  a  number  of  different  products  of  decomposition. 
It  is  decomposed  by  acids,  alkalies,  chlorine,  heat  and  ferments ; 
and  I  shall  now  proceed  to  describe  the  products  of  decom- 
position to  which  these  various  reagents  give  rise. 
[To  be  continued.] 
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Three  Introductory  Lectures  delivered  at  the  Government  School  of  Mines 
and  of  Science  applied  to  the  Arts ;  Museum  of  Practical  Geology. 

A  SHORT  time  ago  it  became  our  pleasing  duty  to  direct  atten- 
tion to  four  introductory  discourses  delivered  at  the  Govern- 
ment School  of  Mines,  one  by  the  Director  of  the  Institution,  and 
the  others  by  three  of  its  Professors.  A  new  session  brings  three 
other  lecturers  before  us  :  Mr.  Warington  Smyth  on  the  Value  of  an 
Extended  Knowledge  of  Mineralogy  and  the  Process  of  Mining ; 
Mr.  Andrew  C.  Ramsay  on  the  Science  of  Geology  and  its  Appli- 
cations; and  Dr.  Percy  on  the  Importance  of  special  Scientific  Know- 
ledge to  the  Practical  Metallurgist.  The  distinct  position  assumed 
by  each  lecturer  is  maintained  with  ability,  and  instances  of  existing 
ignorance  are  plentifully  adduced  to  show  the  necessity  of  scientific 
culture  in  each  respective  department.  Mr.  Smyth  commences  by 
clearly  defining  what  mineralogy  is,  and  shows  the  necessit}^  of  cul- 
tivating the  conterminous  sciences.  No  man  can  be  said  to  grasp  a 
science  unless  he  knows  something  of  those  which  lie  around  it ;  a 
map  is  incomplete  without  what  surveyors  call  its  abutting  detail ; 
and  to  a  successful  prosecution  of  mineralogy,  some  knowledge  of 
geometry,  chemistry  and  natural  philosophy,  is  undoubtedly  neces- 
sary. By  examples  drawn  from  the  soft  sandstones  and  massive 
architecture  of  ancient  Egypt,  from  the  marble  of  Attica  and  the 
sculpture  of  Phidias,  and  others  of  a  similar  nature,  the  influence  of 
mineral  products  upon  the  arts  and  character  of  nations  is  shown  ; 
and  the  iron  ores  of  Britain  are  pointed  at  as  one  great  source  of  her 
present  manufacturing  eminence. 

"  The  mining  districts  of  England,  however,  are  so  utterly  desti- 
tute of  the  means  of  mineralogical  education,  whether  in  schools  or 
suitable  collections,  that  it  need  be  no  source  of  wonder  to  find  the 
most  intelligent  miner  acquainted  only  with  some  two  or  three  of 
the  substances  which  in  the  routine  of  his  employment  have  been 
brought  prominently  before  him,  and  ofteia  neglecting  others  from 
ignorance  of  their  nature,  or  dangerously  confounding  things  which 
are  totally  distinct  from  each  other.  It  is  matter  of  history,  that 
the  copper  ores  of  Cornwall  were  recognised  as  useful  only  at  a 
comparatively  late  date,  the  miners  having  concentrated  all  their 
attention  upon  the  tin  with  which  that  county  was  so  plentifully 
supplied.  More  wonderful  does  it  appear,  that  even  at  the  com- 
mencement of  the  last  century,  when  the  yellow  ore  or  pj^rites  had 
been  long  appreciated,  the  far  more  valuable  redruthite,  or  sulphide 
of  copper,  was  thrown  as  worthless  rubbish  over  the  cliffs  of  St.  Just 
into  the  Atlantic  ;  and  Pryce  informs  us,  that  many  thousand  pounds 
worth  of  the  rich  black  ore  or  oxide  of  copper  was  washed  into  the 
rivers  and  discharged  into  the  North  Sea  from  the  old  Pool  mine." 
These  things  occurred  in  England  when  the  value  of  these  substances 
was  well  known  in  other  countries. 

The  lecturer  proceeds  to  recount  instances  of  loss  and  ruin,  the 
result  of  ignorance  and  duplicity,  which  have  come  under  his  own 

Q2 
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notice.  To  one  of  these  we  will  confine  ourselves  : — "  I  have  known," 
says  Mr.  Smvth,  "  zinc  blende  taken  for  lead  ore,  and  lionoured  with 
the  erection  of  a  smelting  furnace,  when  to  the  chagrin  of  the 
manager  tlie  volatile  metal  flew  away  up  the  chimney,  leaving  only 
disappointment  and  loss  behind.  Again,  from  a  faint  resemblance 
which  some  of  the  varieties  bear  to  certain  iron  ores,  a  resemblance 
which  would  at  once  disappear  before  accurate  observation,  a  consi- 
derable quantity  was  bought  not  long  since  by  one  of  the  greatest 
iron-masters  in  this  country.  It  was  carried  to  the  furnaces,  duly 
mingled  with  fuel  and  flux,  and  after  a  strenuous  efl:ort  had  been 
made  to  get  it  to  yield  iron,  it  all,  as  the  {iroprietor  naively  re- 
marked, '  went  off  in  smoke.' 

But  a  matter  of  far  more  importance  than  the  correction  of  isolated 
mistakes  is  the  investigation  of  the  principles  which  regulate  the 
accumulation  of  ore  in  metalliferous  veins, — a  subject  so  enveloped 
in  mystery,  that  our  present  mining  enterprises  are  almost  as  much 
a  matter  of  chance  as  such  enterprises  were  three  centuries  ago. 
"  Copious  stores  of  knowledge  have,  it  is  true,  been  acquired  by 
many  of  the  captains  and  tributers  in  Cornwall  and  elsewhere ;  but 
besides  the  difficulty,  according  to  the  various  views  of  individuals, 
in  collating  them,  they  have  generally,  for  want  of  early  educational 
opportunity,  been  accumulated  upon  an  unsafe  basis  ;  and  finally,  the 
experiences  perish  with  the  men,  leaving  society  no  richer  for  their 
acquisition." 

Referring  to  the  vast  mineral  resources  of  Great  Britain,  and  the 
multitude  which  derive  employment  and  support  from  this  source, 
the  lecturer  earnestly  proceeds  :  "  Let  us  then  consider  the  great 
population  supported  directly  by  the  extraction  of  these  minerals, 
and  indirectly  by  their  application  to  the  arts — the  maintenance  of 
hundreds  of  thousands  of  men  by  these  not  inexhaustible  stores,  and 
the  entire  dependence  of  our  whole  manufacturing  and  commercial 
system  on  the  supply  of  fossil  fuel ;  and  we  cannot  fail  to  arrive  at 
the  conviction,  that  in  exercising  the  stewardship  of  such  gifts  of 
Heaven  the  nation  has  a  high  and  responsible  duty  to  perform,  that 
waste  and  improvidence  are  a  national  sin,  and  that  it  behoves  all 
who  are  in  anj"  way  connected  with  the  working  of  our  mines  to  lend 
their  best  endeavours  to  the  perfecting  of  the  most  CEConomical  and 
efficacious  means  of  rendering  all  the  products  of  our  mines  available 
to  the  uses  of  mankind." 

Among  the  methods  employed  for  ascertaining  the  existence  of  use- 
ful deposits,  the  lecturer  refers  at  some  length  to  the  art  of  boring, 
and  recommends  steel  instead  of  iron  borers  ; — refers  to  the  pneumatic 
dam  of  M.  Triger  for  keeping  back  water  wliile  sinking  shafts  ;  to 
the  ventilation  of  mines ;  to  the  necessity  of  accurate  surveys,  and 
the  vast  dangers  incurred  in  this  respect ;  to  the  dressing  of  the 
ores,  and  the  improvidence  at  present  exhibited  in  California  and 
Australia ;  to  the  ignorant  assertion  that  England  can  afford  to 
squander  her  mineral  riches,  holding  up  the  boast  of  Xenophon  of 
the  inexhaustibility  of  the  silver  mines  of  Laurion  as  a  warning  to 
ourselves.    "  When  the  day  comes  that  our  preponderance  in  natural 
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resources  is  reduced  to  something  nearer  equality,  when  deeper  and 
thinner  coal-seams  must  be  wrought,  when  poorer  ores  of  the  metals 
must  be  more  highly  prized,  and  when  the  products  of  our  manufac- 
tures can  only  be  brought  into  commerce  at  higher  prices,  then  must 
the  star  of  England's  prosperity  decline,  unless  we  keep  our  vantage- 
ground  by  the  superior  skill  and  knowledge  to  which  technical  edu- 
cation must  greath'  contribute." 

Following  the  lectures  in  the  order  in  which  we  accidentally 
perused  them,  the  lecture  of  Mr.  Ramsay  next  presents  itself.  He 
refers  in  his  introduction  to  the  resistance  offered  to  the  earlier  ad- 
vances of  geological  inquiry.  "  Geology  was  not  so  fortunate  as 
chemistry,  when  princes  vied  with  each  other  in  the  encouragement 
of  alchemical  discovery.  There  was  no  heresy  in  the  transmutation 
of  the  baser  metals  into  gold.  Geology,  on  the  contrary,  was  for  a 
long  time  generally  esteemed  a  pestilent  heresy  ;  and  though  its  cul- 
tivators escaped  the  prison,  yet  even  in  our  day  a  few  angry  men  are 
not  wanting,  who,  steeped  in  ignorance  or  a  mistaken  zeal,  still 
re-echo  the  time-worn  cry." 

The  lecturer  arranges  his  subject  under  two  principal  heads — 
Physical  Geography  and  Pal?eontology ;  the  former  dealing  with  the 
nature  and  modes  of  formation  of  rocks,  and  the  latter  with  the 
organic  forms  which  they  contain.  The  beautiful  investigations  of 
Bunsen  in  Iceland  are  referred  to  as  a  fine  example  of  the  bearing  of 
chemistry  upon  the  metamorphism  of  rocks  and  the  theory  of  vol- 
canoes. Werner  and  Hutton  were  the  first  to  generalize  in  a  grand 
and  comprehensive  manner  the  facts  and  speculations  of  previous 
observers.  "  Of  Werner  it  might  be  said  that  his  merit  consisted  in 
this,  '  that  he  infused  into  the  body  of  the  science  a  new  spirit.' 
The  breadth  of  his  views  respecting  the  universal  superposition  of 
strata,  his  application  of  their  structure  to  mining,  and  the  eloquent 
sincerity  with  which  he  advocated  his  doctrines,  raised  an  enthusiasm 
that  spread  over  Europe  and  gained  numerous  disciples  to  the  cause." 
The  lecturer  pays  a  noble  tribute  to  the  m-cmory  of  Hutton.  "Of 
all  men  who  have  hitherto  illustrated  the  science  of  geology  none  is 
greater  than  Hutton,  whose  name  was  so  long  used  as  their  watch- 
word by  the  opponents  of  the  Wernerians.  He  at  once  threw"  aside 
the  minor  jDroofless  speculations  with  which  older  writers  bewildered 
their  readers  ;  and  by  the  strict  union  of  observation  and  generaliza- 
tion, his  comprehensive  mind  grasped  the  main  outlines  of  the  phy- 
sical section  of  the  subject,  and  brought  geology  within  the  pale  of 
inductive  reasoning."  To  William  Smith,  however,  the  lecturer 
considers  "  that  we  owe  the  first  clear  enunciation  of  the  law  of  the 
stratigraphical  succession  of  species — a  law  alike  great  in  theoretical 
results  and  in  the  strictly  practical  applications  arising  therefrom." 
It  is  interesting  to  observe  the  earnest  devotion  displayed  by  the 
lecturer  in  rescuing  the  memory  of  Smith  from  undeserved  obscurity ; 
indeed  we  have  felt  as  keen  a  pleasure  in  looking  through  these  lec- 
tures as  through  spectacles,  into  the  men  who  delivered  them,  as  in 
the  contemplation  of  the.  results  and  arguments  which  they  bring 
forward.     The  Government  School  of  Mines  may,  we  think,  be  con- 
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gratulatcd  on  the  amount  of  liighmindedncss,  vigour,  and  ability 
which  has  been  cnhstcd  in  its  cause.  Here  and  there  the  private 
ho])e  and  aspiration  of  the  lecturer  crops  out,  and  it  is  always  a 
noble  hope  and  aspiration.  We  have  in  the  majority  of  cases  the 
express  qualities  necessary  to  the  founders  of  a  new  institution — 
earnestness  and  enthusiasm,  united  to  intellectuM  power  sufficient  to 
control  and  regulate  both. 

The  author  proceeds  to  consider  the  results  and  bearings  of  the 
law  of  superposition,  and  the  absurd  and  ruinous  speculations  which 
have  flowed  from  ignorance  of  that  law.  "  At  the  very  moment  I 
now  write  I  have  received  a  letter  from  Mr.  Aveline,  one  of  the 
geologists  of  the  Survey,  in  which  he  says,  '  I  have  a  narrow  slip  of 
coal-measures  running  between  the  Permian  and  the  new  red  beds, 
and  the  old  red  sandstone  that  you  saw  at  Bewdley.  A  person  found 
out  the  only  place  where  the  coal  is  well  shown,  and  sunk  a  pit ; 
but  finding  the  coal  worthless,  he  has  gone  a  little  icay  off  on  the  old 
red  sandstone,  Avhere  he  is  sinking  after  the  most  approved  manner, 
bricking  his  shaft  round.'  Near  Trefgarn,  Caermarthen/'  &c.,  pro- 
ceeds the  lecturer,  "  the  black  slates  are  dotted  with  shafts,  borings, 
and  levels,  sunk  or  driven  in  delusive  searches  for  coal.  While  in 
progress,  the  cry  still  is  '  the  indications  are  good,  go  a  little  deeper;' 
and  the  pit,  the  disappointment,  and  the  ruin  often  dee2)en  together, 
till,  abandoned  in  despair,  the  speculator  is  left  to  console  himself 
with  the  parting  assurance,  '  We  are  not  to  blame, — had  you  only 
gone  a  little  deeper.'  Long  after,  when  the  wandering  geologist 
visits  such  spots,  he  is  informed  that  the  miners  actually  found  coal, 
but  were  bribed  to  hush  it  up  by  the  coal-owners,  jealous  of  their 
markets." 

To  Professor  Ramsay's  condemnation  of  exaggerated  vertical  sec- 
tions we  see  no  reason  to  subscribe.  No  man  of  any  experience 
could,  we  imagine,  be  misled  in  this  way.  In  the  exaggerated 
section  we  are  not  required  to  trust  our  eyes,  but  can  obtain,  by 
direct  measurement  with  the  scale,  the  precise  thickness  of  the  seam 
of  coal.  In  the  natural  section  we  doubt  whether  this  precision  is 
possible  ;  the  thickness  of  the  finest  line  would,  we  imagine,  amount 
to  some  feet ;  and  thus,  though  the  eye  may  be  furnished  with  a 
correct  general  impression,  accurate  measurement  appears  to  be  out 
of  the  question. 

We  shall  here  transcribe  Professor  Ramsay's  interesting  account 
of  the  artesian  well  at  Grcnelle  near  Paris.  "The  nature  of  the 
artesian  wells  is  simple.  If  I  take  a  bent  tube  and  pour  therein  any 
quantity  of  water,  it  will  maintain  a  corresponding  level  on  cither 
side  ;  and  if  I  insert  another  tube  sliorter  than  the  curved  arms  (we 
shall  suppose  at  the  lowest  point  of  the  curve),  then  by  virtue  of  a 
law  of  hydrostatic  pressure  the  water  will  rise  in  the  inserted  tube, 
^n  equal  amount  being  displaced  in  the  curved  arms  on  either  side. 
There  it  will  rest.  But  if  a  constant  supply  be  yielded  to  one  or 
both  of  the  openings  of  the  curved  reservoir,  then  the  water  will 
overflow  at  the  mouth  of  the  central  inserted  tube,  which  thus  repre- 
sents the  boring  of  an  artesian  well. 
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"  The  strata  around  Paris  are  in  a  general  way  very  similar  to 
those  forming  and  surrounding  the  London  Basin  (as  it  is  often 
termed),  with  which  many  of  you  are  familiar.  Its  highest  members 
are  composed  of  tertiary  strata,  of  sand  and  calcareous  sandstone, 
beneath  which  are  beds  of  mottled  clay.  The  chalk  on  which  this 
lies  is  1477  feet  thick,  resting  on  150  feet  of  greensand,  which  in  its 
turn  lies  on  the  gault.  This  last  is  for  the  most  part  composed  of 
clay,  and  nearly  impermeable  to  water.  The  whole,  over  a  width  of 
many  miles,  is  arranged  in  the  form  of  what  geologists  call  a  basin ; 
that  is  to  say,  the  strata  from  their  outcrops  have  a  tendency  to 
slope  towards  a  general  centre,  where  for  a  space  they  lie  more  or 
less  horizontally. 

"  On  the  margin  of  the  basin,  strata  of  greensand  and  gault  rise 
to  the  surface  at  heights  in  many  places  approaching  to  330  feet 
above  the  sea,  Grenelle  being  only  about  100  feet  above  that  level. 
Geologists  knew  that  the  water  which  fell  on  these  strata  at  their 
outcrop  would  of  necessity  percolate  in  the  direction  of  the  inclina- 
tion of  the  beds ;  so  that  at  the  lower  points  of  the  curvature  a  great 
body  of  water  must  exist,  confined,  as  it  were,  in  a  sponge,  and  un- 
able to  escape  below,  because  of  the  impermeable  qualitj-  of  the  beds 
on  which  the  porous  strata  rest.  This  deep-seated  reservoir  being 
tapped  by  boring,  the  water  would  rise  to  the  surface  in  the  manner 
I  have  explained. 

"In  1832  the  municipal  corporation  of  Paris,  impressed  with  the 
sanitary  necessity  of  further  supplies  of  water,  voted  18,000  francs 
for  the  construction  of  three  artesian  wells,  a  sum  so  ridiculously 
small  that  the  project  was  immediately  abandoned.  M.  Mulot, 
however,  one  of  their  engineers,  having  previously  sunk  in  the  chalk 
at  Suresne,  at  Chartres,  and  at  Laon,  to  the  depth  of  1082  feet, 
proved  that  it  would  be  necessary  to  bore  completely  through  that 
formation  to  obtain  a  sufficient  supply.  This  conclusion,  based  on 
strict  geological  reasoning,  was  confirmed  by  MM.  Arago  and  Wal- 
ferdin,  and  in  November  1833  the  work  was  begun.  With  infinite 
energy,  skill  and  perseverance,  M.  Mulot  carried  it  on,  overcoming 
every  opposition,  physical  and  moral ;  for  he  had  not  only  to  con- 
quer those  natural  difficulties  which  beset  so  unexampled  an  under- 
taking, but  he  had  also  to  contend  with  municipal  parsimony,  that 
shrunk  from  the  continuance  of  supplying  funds  for  a  project  based 
on  purely  theoretical  grounds.  When  he  reached  the  depth  of  1640 
feet,  at  an  expense  of  263,000  francs,  they  stopped  those  supplies  ; 
but  so  great  was  the  faith  of  M.  Mulot  in  tlie  correctness  of  the 
principle  involved,  that  he  determined  to  continue  the  work  at  his 
own  charges.  On  the  26th  of  February  1841,  the  borer  fell  suddenly 
several  yards  ;  and  immediately,  from  a  depth  of  1800  feet,  there 
sprang  from  the  orifice  a  huge  column  of  water,  cold  at  first  but 
warm  afterwards.  It  now  steadily  j'ields  more  than  740,000  gallons 
a-day.     At  the  first  burst  the  supply  was  greater." 

Thirdly  and  lastly,  we  take  up  the  lecture  of  Dr.  Percy,  the  pro- 
duction, if  we  mistake  not,  of  a  mind  differently  constituted  from 
either  of  the  former.     Pounds,  shillings,  and  pence  constitute  the 
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lever  by  which  the  Doctor  moves  his  audience.  His  vocation  is  the 
formation  of  a  good  metallurgist,  and  he  leaves  fine-spun  theories  of 
human  culture  and  advancement  to  those  who  can  enjoy  them.  His 
lecture  is  a  solid  substantial  production  ;  there  is  something  infi- 
nitely more  pleasing  in  this  sturdy  adherence  to  what  he  considers 
to  be  the  facts  of  the  case,  than  in  any  affectation  of  philosojihical 
sentimentaUty ;  and  as  long  as  Dr.  Percy  thus  manfully  stands  by 
his  convictions,  and  endeavours,  as  far  as  in  liira  lies,  to  enact  them 
practically,  he  has  a  claim  to  the  respect  of  every  lover  of  straight- 
forwardness. Men,  however,  who  take  this  view  of  things,  are  rarely 
slow  to  affirm  that  it  is  the  only  view;  which  affirmation  carries  them 
all  unconsciously  from  the  region  of  fact  into  that  of  fallacy.  The 
greatest  mistakes  of  individuals,  the  bigotry  of  sects,  and  the  ani- 
mosity of  rival  theorists,  are  to  be  traced  to  one-sidedness,  to  the 
putting  of  a  part  for  the  whole,  to  looking  at  an  object  from  one 
point  of  view,  and  denying  that  it  possesses  any  other  j)hase  or  cha- 
racter than  that  which  they  discern  from  this  point.  Now  that  the 
body  must  be  clothed  and  nurtured  is  a  physiological  axiom  which 
nobod)'  will  feel  inclined  to  dispute ;  and  as  this  is  done  through 
the  instrumentality  of  pounds,  shillings  and  pence,  such  considera- 
tions appear  to  be  j^erfectly  justifiable  as  incentives  to  exertion  and 
improvement.  But  we  sincerely  believe  that  the  man  whose  theory 
of  human  culture  rises  no  higher  than  this,  will  prove  defective  even 
as  a  ])ractical  man.  It  is  not  the  love  of  gain,  but  the  love  of  truth, 
as  incidentally  reraarked  by  Mr.  Ramsay,  which  has  produced  our 
greatest  practical  results.  Most  heartily  do  we  sympathize  \vith 
those  outbursts  of  a  higher  faith  which  shine  like  sunbeams  here  and 
there  through  the  discourses  of  most  of  the  professors  of  the  School 
of  Mines.  They  are  not  the  outbursts  of  a  vain  enthusiasm,  but 
the  aspirations  of  men  who  have  encountered  the  difficulties  of  cul- 
ture and  tasted  of  its  sweets  ;  and  even  should  circumstances  render 
it  necessary  on  their  part  to  observe  an  extreme  frugality  in  the 
enunciation  of  these  higher  principles,  our  hope  is  that  they  M'ill  not 
suffer  them  to  decay ;  and  that  even  among  their  most  practical 
hearers,  to  borrow  the  concluding  words  of  Mr.  Smyth,  there  may 
be  some  few  who  will  not  stop  short  at  that  point  whence  they  may 
obtain  their  worldly  ends,  but  will  persevere  towards  that  goal  of 
higher  knowledge  which  has  been,  and  always  will  be,  the  object  of 
the  noblest  of  mankind. 

Optical  Investigations  occasioned  by  the  Total  Eclipse  of  the  Sun  on 
the  28th  of  July  1851.  %  Dr.  v,  Feilitzsch.  Greifswald,  1852  ; 
Th.  Kunike. 

The  author  was  one  of  the  numerous  band  of  observers  who  planted 
themselves  within  the  moon's  shadow  upon  the  day  above  mentioned. 
His  place  of  observation  was  Karlskrona  in  Sweden.  He  traces  the 
doubt  and  mystery  which  have  hitherto  enveloped  the  pha?nomena 
attendant  upon  solar  eclipses  to  the  fact,  that  they  were  observed 
solely  by  astronomers,  and  not  by  physicists.  This  remark  apjDcars 
to  be  scarcely  applicable  where  such  men  as  Professor  Airy  are  con- 
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cerned.  Surely  the  man  whose  investigations  en  optics  have  won 
him  such  high  renown  is  not  likely  to  fall  into  the  error  of  regarding 
the  phfenomena  in  question  as  lying  beyond  the  limits  of  physical 
explanation,  or  of  forgetting  the  possible  influence  of  diffraction  and 
interference  in  their  production. 

Grounding  his  views  on  the  theory  of  undulation,  the  aim  of  the 
author  is  to  show  that  the  corona,  the  coloured  light,  and  the  red 
projections  from  the  moon's  rim  during  a  solar  eclipse,  are  all  the 
production  of  ditFraction  and  interference  :  the  results  of  his  inquiry, 
which  certainly  evinces  considerable  ingenuity  and  a  patient  study 
of  the  phaenoraena,  are  as  follows  : — 

The  corona  observed  from  the  absolute  shadow  of  the  moon  owes 
its  existence  to  the  diffraction  of  the  sun's  rays  at  the  moon's  edge. 

The  coloured  fringes,  caused  by  interference,  exterior  to  the  sha- 
dow, are  the  origin  of  the  various  colours  observed  on  clouds  during 
a  total  eclipse,  as  also  of  the  colours  which  precede  and  foUow  the 
total  occultation. 

The  coloured  light  observed  during  the  total  eclipse  is  the  light 
reflected  from  the  coloured  atmospheric  envelope  which  immediately 
surrounds  the  absolute  shadow. 

The  dark,  bright,  and  oblique-directed  radiations  of  the  corona 
are  phasnomena  of  interference,  due  to  diffraction  bj''  the  mountains 
on  the  moon's  edge,  when  these  mountains  lie  in  or  near  the  line 
wliich  connects  the  observer  with  the  sun. 

If,  however,  these  mountains  are  peculiarlj'  shaped,  or  if  they  lie 
outside  the  above  line  of  connexion,  the  light  diffracted  by  them 
creates  the  appearance  of  the  red  projections. 

The  red  colour  of  the  projections,  and  of  the  surfaces  which  ap- 
pear detached  from  the  moon's  rim,  and  the  increase  and  decrease 
of  the  projections  according  to  the  relative  position  of  sun,  moon, 
and  observer,  are  due  to  the  deportment  of  the  light  sent  to  the 
observer  from  the  aether  particles  in  free  space,  when  these  particles, 
through  the  interference  of  the  light  diffracted  on  the  mountains  at 
the  edge  of  the  moon,  are  more  strongly  excited  than  the  neigh- 
bouring ones. 
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Jan.  22,  \    PAPER  was  read,  entitled,  "  Researches  on  the  Geo- 
1852.   ■^'^    metrical  Properties  of  Elliptic  Integrals."  By  the  Rev. 
James  Booth,  LL.D.,  F.R.S.  &c.     Received  November  17,  1851. 

In  this  paper  the  author  proposes  to  investigate  the  true  geome- 
trical basis  of  that  entire  class  of  algebraical  expressions,  known  to 
mathematicians  as  elliptic  functions  or  integrals.  He  sets  out  by 
showing  what  had  already  been  done  in  this  department  of  the 
subject  by  preceding  geometers.  That  the  elliptic  integral  of  the 
second  order  represented  an  arc  of  a  plane  ellipse,  was  evident  from 
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the  beginning.  Hence  indeed  tlic  name  "  elliptic  functions,"  de- 
rived from  a  jiart,  was  given  to  the  whole.  Here  then  the  question 
naturally  arose :  What  geometrical  tj'jies  did  the  first  and  third 
orders  represent .'  This  question  long  remained  without  complete 
solution ;  and  investigators  in  this  department  of  analysis  were 
compelled  to  take  the  fundamental  exjjressions  as  arbitrary  data, 
and  to  forgo  the  inquiry  what  the  geometrical  theorems  were 
which  these  algebraical  expressions  represented.  Various  but  un- 
successful attempts  were  made  by  geometers  to  represent  them  by 
quadratures,  or  by  plane  curves,  cither  algebraical  or  transcendental. 
About  ten  years  ago,  however,  Messrs.  Guderman  and  Catalan 
showed  that  the  circular  form  of  the  third  order  represented  the 
curve  of  intersection  of  a  cone  of  the  second  degree  and  a  concentric 
sphere ;  but  they  did  not  extend  their  researches  to  the  first  order, 
nor  to  the  logarithmic  form  of  the  third. 

The  main  object  of  the  paper  is  to  prove  that  elliptic  integrals 
of  every  kind,  the  parameter  taking  any  value  whatever  between 
positive  and  negative  infinity,  re23resent  the  intersections  of  surfaces 
of  the  second  order. 

These  surfaces  divide  themselves  into  two  classes,  of  which  the 
sphere  and  the  paraboloid  are  the  respective  tj'pes ;  from  the  former 
arise  the  circular  functions  of  the  third  order,  from  the  other  the 
logarithmic  and  exponential.  In  the  course  of  these  investigations 
it  is  shown  that  the  formula;  for  the  comparison  of  elliptic  integrals, 
which  are  given  by  Legendre,  follow  simply  as  geometrical  inferences 
from  the  fundamental  properties  of  those  curves.  The  ordinary 
conic  sections  are  merely  particular  cases  of  those  more  general 
curves,  to  which  the  author  has  given  the  name  Hyper  conic  Sections. 

The  author  remarks,  that  it  will  doubtless  appear  not  a  little  sin- 
gular, that  the  principal  jjroperties  of  these  functions,  their  classi- 
fication, their  transformations,  the  comparison  of  elliptic  integrals  of 
the  third  order,  with  conjugate  or  reciprocal  parameters,  w'ere  all 
investigated  and  develojjed  before  geometers  had  any  idea  of  the  true 
geometrical  origin  of  those  functions.  It  is  as  if  the  formulae  of 
common  trigonometry  had  been  derived  from  an  algebraical  defini- 
tion, before  the  geometrical  conception  of  the  circle  had  been  ad- 
mitted. As  trigonometry  may  be  defined,  the  development  of  the 
properties  of  circular  arcs,  whether  described  on  a  plane,  or  on  the 
surface  of  a  sphere,  so  this  higher  trigonometry,  or  the  theory  of 
elliptic  integrals,  may  be  defined  as  the  development  of  the  rela- 
tions which  exist  between  the  arcs  of  hyperconic  sections. 

It  may  be  said,  we  cannot  by  this  method  derive  any  properties 
of  elliptic  integrals  which  may  not  algebraically  be  deduced  from  the 
fundamental  expressions  approjiriately  assumed.  It  cannot,  how- 
ever, be  truly  asserted  that  the  properties  of  curve  lines  should  be 
developed  without  any  reference  to  their  geometrical  types.  We 
might,  starting  from  certain  algebraical  expressions,  derive  every 
known  property  of  curve  lines,  without  having  in  any  instance  a 
conception  of  the  geometrical  types  which  they  represent.  The 
theory  of  elliptic  integrals  was  developed  by  a  method  the  inverse 
of  that  pursued  in  establishing  the  formulae  of  common  trigonometry. 
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In  the  latter  case,  the  geometrical  type  was  given — the  circle — to 
determine  the  algebraical  relations  of  its  arcs.  In  the  theory  of 
eUiptic  integrals,  the  relations  of  the  arcs  of  unknown  curves  are 
given,  to  determine  the  curves  themselves;  this  is  the  principal 
object  of  the  present  communication. 

The  problem  resolves  itself  into  twelve  distinct  cases,  depending 
on  the  magnitude  of  the  parameter,  and  the  sign  with  which  it  is 
affected ;  out  of  the  discussion  of  these  cases  arise  many  new  and 
important  relations  of  elliptic  integrals.  It  would  excite  little  in- 
terest to  give  the  bare  enunciations  of  those  theorems,  and  a  mere 
outline  of  the  methods  by  which  they  are  estabhshed  would  be  un- 
intelligible. Not  the  least  interesting  of  those  theorems  is  the  pro- 
position, that  it  is  always  possible  to  express  an  elliptic  integral  of 
the  first  order  as  the  sum  of  two  elliptic  integrals  of  the  third  order, 
with  parameters  which  are  conjugate,  reciprocal  and  imaginary. 

The  author  hopes,  in  a  future  communication  to  the  Royal  So- 
ciety,— the  present  having  grown  under  his  hands  beyond  the  limits 
he  anticipated — among  other  points,  to  extend  his  researches  to  the 
case  of  elliptic  integrals  with  imaginary  parameters,  and  to  show 
the  true  geometrical  meaning  of  such  expressions.  It  will  also  be 
shown,  that  imaginary  expressions  may  be  found  for  a  logarithmic 
elliptic  arc  analogous  to  the  weU-known  imaginary  exponential  ex- 
pressions for  the  sines  snd  cosines  of  circular  arcs. 
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ON  THE  ARTIFICIAL  FORMATION  OF  SEVERAL  MINERALS. 
BY  M.  BECQUEREL. 

N  ordinary  chemical  operations,  when  one  body  is  made  to  act 
upon  another,it  is  customary  to  powder  them,  to  dissolve  them,  or 
to  bring  them  to  a  state  of  igneous  fusion.  It  is  then  almost  impos- 
sible to  observe  the  results  of  slow  action,  such  as  nature  presents 
so  often,  and  the  electrical  effects  resulting  from  immediate  contact, 
which  may  in  certain  cases  aid  in  bringing  about  the  former,  or 
giving  them  a  greater  energy.  Electro-chemistry,  therefore,  differs 
fi-om  chemistry  in  employing  electricity  as  a  subsidiary  means  of  ex- 
citing affinity  or  rendering  it  more  effi.cacious,  and  in  its  requiring 
the  mutual  presence  of  three  bodies,  of  which  one  at  least  must  be 
in  the  solid  state  and  another  liquid.  Such  is  the  point  of  view 
under  which  I  have  constantly  regarded  electro-chemistry,  which 
furnishes  means  Oi  analysis  and  synthesis  of  which  advantage  might 
be  taken.  These  researches  have  moreover  the  advantage  of  making 
known  the  necessary  conditions  under  which  solutions  containing 
one  or  more  combinations  can  react  upon  insoluble  compounds  with 
which  they  are  in  contact. 

The  M'eak  actions  which  have  particularly  attracted  my  attention 
are  those  which  commence  as  soon  as  the  rocks,  the  metallic  and 
other  substances  which  occupy  veins  and  beds,  come  in  contact  with 
the  mineral  waters  which  rise  from  all  parts  of  the  earth's  interior. 
Time  then  becomes  an  element  in  the  growth  of  the  crvstalline  sub- 
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stances  formed,  an  element  which  enters  indefinitely  into  all  natural 
phrenomcna,  but  wliich  we  can  employ  only  within  certain  limits, 
sufficient  however  to  obtain  marked  effects,  as  is  shown  by  the  results 
obtained  during  the  period  which  has  elapsed  since  184.'5. 

Among  the  methods  adopted  in  these  experiments  were  the 
following : — 

First  process. — This  consisted  in  making  a  solution  of  sUica  or 
alumina  in  caustic  potash  or  soda  react  weakly  upon  a  couple  formed 
of  a  2)late  of  oxidizable  metal,  and  a  copper  or  platinum  wire  round 
Avhicli  the  plate  is  bent,  the  whole  being  contained  in  a  vessel  closed 
by  a  cork,  and  left  to  spontaneous  action. 

In  1845,  an  apparatus  was  arranged  with  a  plate  of  amalgamated 
zinc  surrounding  a  copper  wire,  and  a  solution  of  silica  in  potash 
marking  22°  on  the  areometer ;  water  was  decomposed,  with  evolu- 
tion of  hydrogen  and  formation  of  oxide  of  zinc,  which  dissolved. 
A  fortnight  afterwards,  very  small  regular  octohedral  crystals  began 
to  be  perceptible  upon  the  zinc  plate,  the  composition  of  which  was 
represented  by  the  formula  ZnO,  HO.  The  bulk  of  these  crystals 
increased  gradually,  without  passing  a  certain  limit,  about  1  millira. 
on  each  side. 

In  operating  with  alkaline  solutions  more  or  less  concentrated,  it 
was  observed  that  the  crystals  were  larger  and  better  defined  when 
the  strength  was  not  beyond  20°  or  25°.  Other  arrangements  were 
made  in  1845,  by  substituting  for  the  zinc-coj)j)er  couple  a  lead- 
copper  one,  and  employing  an  alkaline  solution  of  25°  ;  the  lead  was 
slowly  attacked,  the  protoxide  formed  dissolving,  and  after  saturation 
was  dej)osited  upon  the  surface  of  the  plate  of  lead  in  anhydrous 
crystals  (PbO). 

These  crystals,  some  of  which  measured  several  millimetres,  were 
transparent,  of  a  darkish  green  colour,  and  gave  on  trituration  a 
yellowish  powder.  They  were  so  grown  together,  that  only  parts 
of  their  extremities  were  visible.  Other  reasons  make  it  probable 
that  the  crystals  are  derivatives  of  a  right  rhombic  prism. 

Second  process. — Sulphuret  of  lead  or  galena  (PbS)  was  made  to 
act  upon  a  saturated  solution  of  sulphate  of  copper  and  of  chloride 
of  sodium  diluted  with  an  equal  volume  of  distilled  water,  with  a 
view  of  obtaining  compounds  of  lead,  having  analogues  in  nature. 

In  May  1S45,  I  made  several  arrangements  of  galena  and  the 
mixture  of  chloride  of  sodium  and  sulphate  of  copper,  which  were 
left  to  themselves  until  the  present  time.  The  following  are  the 
products  which  have  been  formed,  either  upon  the  pieces  of  galena, 
the  bottom  or  partitions  of  the  vessels  : — 

1.  Chloride  of  sodium  in  cubes,  cubic  octohedrons,  and  even  octo- 
hedrons  having  great  transparency,  very  definite  foum,  and  from 
several  millimetres  to  1  centimetre  in  length. 

2.  Chloride  of  lead,  in  needles  and  cubes,  slightly  yellowish,  of 
very  perfect  form. 

3.  Sulphate  of  lead,  in  cuneiform  octohedrons,  much  modified, 
precisely  resembling  in  form  the  crystallized  sulphate  of  lead  of 
Anglesea. 

4.  Chlorosulphate,  in  needles. 
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5.  Basic  chloride,  in  microscopic  crystals,  disseminated  here  and 
there  throughout  the  whole  product. 

6.  Sulphuret  of  copper,  black,  without  any  appearance  of  cry- 
stallization. 

The  whole  of  these  substances  covering'  the  piece  of  galena,  gave 
it  the  appearance  of  a  specimen  from  a  mineral  vein. 

In  some  of  the  vessels  there  were  formed  only  chloride  and  chloro- 
sulphate  of  lead,  in  others  chloride  and  sulphate,  which  depended  no 
doubt  upon  the  proportions  of  the  sulphate  of  copper  and  of  chloride 
of  sodium,  and  the  density  of  the  solutions.  A  voltaic  couple,  formed 
of  a  piece  of  galena  surrounded  by  a  platinum  wire,  placed  in  a  satu- 
rated solution  of  common  salt  and  sulphate  of  copper  diluted  with 
3  vols,  of  water,  gave  rise  to  the  formation  of  a  considerable  quan- 
tity of  crystallized  chloride  of  lead  in  cubes,  without  any  otlaer  pro- 
duct ;  they  were  similarly  deposited,  though  a  little  larger,  upon  a 
fragment  of  malachite  which  was  placed  in  the  solution. 

There  is  no  evidence  in  opposition  to  the  opinion  that  these  reac- 
tions take  place  in  nature.  In  fact,  the  pluvial  waters  which  reach 
the  mineral  masses  and  veins,  formed  of  metallic  combinations,  be- 
come charged  with  chloride  of  sodium  and  sulphate  of  copper,  arising 
from  the  decomposition  of  the  cupreous  pyrites  ;  the  resulting  solu- 
tions, once  in  contact  with  the  galena,  react  upon  it  weakly,  and 
give  rise  to  the  various  compounds  described  above. 

Two  other  compounds  have  been  obtained,  PbO,CO'-  and  CaO,CO"-, 
by  the  following  processes  : — Into  a  saturated  solution  of  carbonate 
of  soda  and  carbonate  of  copper  was  introduced  a  plate  of  lead,  4  cen- 
tims.  by  2,  surrounded  by  a  platinum  wire,  the  whole  placed  in  a  glass 
vessel  imperfectly  closed,  and  left  to  spontaneous  action  for  seven  years. 
Tlie  lead  gradually  oxidized  at  the  expense  of  the  atmosphere ;  the 
oxide  formed,  slightly  soluble  in  water,  reacted  upon  the  carbonate 
of  copper,  whence  resulted  hydrated  oxide  of  copper  and  carbonate 
of  lead  (PbO.CO-).  This  was  in  verj-  small  crystals,  covering  the 
plate  of  lead,  and  their  form  appeared  the  same  as  the  natural  car- 
bonate. The  carbonate  of  lime  was  obtained  by  effecting  the  de- 
composition of  the  sulphate  of  that  base,  a  salt  shghtly  soluble  in 
water,  and  naturally  abundant,  by  a  solution  of  bicarbonate  of  soda, 
a  compound  found  in  several  mineral  waters.  A  plate  of  Montmartre 
gypsum  was  introduced  into  the  solution  (saturated  or  not)  of  the  latter 
salt ;  it  soon  lost  its  vitreous  brilliancy,  and  was  covered  with  small 
rhombohedrons  of  carbonate  of  hme.  At  the  moment  of  contact, 
the  gypsum  dissolved,  and  reacted  immediately  upon  the  bicarbonate 
of  soda.  There  was  a  separation  of  carbonic  acid,  which  partly  re- 
mained in  the  solution  on  account  of  imperfect  closeness  of  the 
vessel.  The  formation  of  sulphate  of  soda  and  carbonate  of  lime  in 
such  a  way  that  the  plates  which  successively  separated  from  the 
gypsum  were  formed  of  small  attached  rhombohedrons,  cannot  be 
supposed  as  solely  ov^-ing  to  a  double  decomposition.  It  is  probable 
that  the  dissolving  action  of  the  carbonic  acid  plays  a  part  in  the 
phsenomenon.  These  effects  always  present  themselves  with  weak 
solutions  of  bicarbonate. 

These  facts  prove  two  principles,  by  the  aid  of  which  a  certain 
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number  of  insoluble  crystalline  compounds  may  be  produced  similar 
to  the  natural  ones.  The  first  consists  in  slowly  oxidizing  a  body 
in  a  solution  of  substances,  upon  which  the  oxide  formed  reacts, 
and  whence  result  oxides  and  various  crystallized  insoluble  com  - 
l^ounds.  The  second  relates  to  the  feeble  reactions  which  take  place 
when  a  slightly  soluble^  body  is  placed  in  contact  w  ith  a  solution 
containing  several  compounds,  giving  rise  to  double  decomposition, 
in  which  case  insoluble  compounds  are  formed,  which  crystallize. — 
Comptes  Rendus,  Feb.  1852. 


ELGIN  S    IMPROVED    MINERS    SAFETY    LAMP. 

Important  as  was  the  discovery  by  Sir  Humphry  Davy,  of  the 
])ropcrty  j)ossessed  by  |thin  wire-gauze  to  prevent  the  passage  of 
Hame,  yet  it  could  hardly  be  expected  that  the  details  of  any  arrange- 
ment embodying  this  principle  could  be  at  once  made  perfect. 
Attempts  to  improve  the  structure  of  the  original  Davy  lamp  have, 
therefore,  been  numerous  ;  but  few  of  them  have  been  generally 
adopted  ;  and  in  most  of  our  collieries  the  original  form  of  lamp  is 
still  used. 

The  principal  defects  of  the  common  Davy  lamp  are, — first,  defi- 
cient light,  rendering  the  collier  always  unwilling  to  use  it,  unless 
compelled  by  the  presence  of  a  highly  explosive  atmosphere  ;  second, 
liabilitj'  of  injury  to  the  gauze  of  the  cylinder,  either  by  a  blow  from 
a  pike,  a  fall  to  the  ground,  or  otherwise  ;  third,  the  possibility  of  a 
current  of  explosive  atmosphere  being  carried  through  the  gauze 
cylinder,  either  by  the  swinging  of  the  lamp  in  the  hand  of  a  person 
when  walking,  or  by  its  being  exposed  to  the  powerful  blowers  of 
gas,  which  are  sometimes  given  oflF  with  great  force  ;  fourth,  the 
heating  to  redness  of  the  gauze,  by  which  explosions  actually  take 
place,  from  the  contact  of  the  explosive  atmosphere  with  the  heated 
wire.  This  danger  is  often  increased  b)^  the  presence  of  small 
particlea  of  coal-dust,  which,  floating  in  the  air  of  the  mine,  attach 
themselves  to  the  gauze ;  and  also  from  the  deposit  of  soot  on  the 
gauze,  arising  from  the  imperfect  combustion  of  the  oil,  which  in 
the  common  Davy  lamp  always  gives  oflF  a  dense  column  of  smoke. 

In  the  improved  lamp  of  M.  Eloin  these  defects  are  obviated.  In 
reference  to  light,  the  cylinder  above  the  flame  is  closed,  and  air  is 
admitted  only  below  the  flame,  through  a  narrow  breadth  of  gauze  ; 
but  the  air  which  is  admitted  is  brought  into  actual  contact  with  the 
flame,  by  the  application  of  a  cap,  on  the  principle  of  the  solar 
lamp ;  and  thus  perfect  combustion  is  produced  and  light  given  off 
equal  to  at  least  five  or  six  ordinary  Davy  lamps.  As  to  the  liability 
of  injury  to  the  gauze,  this  is  obviated  by  using,  first,  a  strong 
short  cylinder  of  glass,  through  which  the  light  passes,  capped  over 
the  flame  with  a  brass  or  iron  cylinder,  which  cannot  be  injured 
except  by  actual  violence.  It  might  be  supposed  that  the  glass 
portion  of  the  cylinder  would  be  liable  to  accident;  but  in  practice 
this  is  not  found  to  be  the  case  :  bound,  at  top  and  bottom,  by  a 
strong  brass  ring,  if  it  were  even  to  crack,  either  from  a  blow,  or  from 
unequal  expansion  by  heat,  no  danger  would  result,  as  the  pieces 
into  which  it  would  be  separated  would  still  be  held  together  by 
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the  brass  headings.  The  closed  nature  of  the  cylinder  entirely 
prevents  the  passage  of  an  explosive  atmosphere  into  the  lamp  by 
any  current  of  air  ;  no  swinging  of  the  lamp  causes  any  action  on 
the  flame  ;  and  no  blower  of  gas  can  blow  into  the  flame,  in  conse- 
quence of  the  protection  of  the  cylinder  :  all  danger  also,  by  reason 
of  the  heating  to  redness  of  the  wire-gauze,  is  entirely  removed. 

Besides  the  removal  of  the  defects  common  to  the  Davy  lamp, 
M.  Eloin's  lamp  possesses,  from  its  structure,  some  peculiarities  that 
render  it  much  safer.  The  air  which  enters  through  the  narrow 
breadth  of  wire  gauze,  below  the  flame,  being  only  such  as  is  neces- 
sary to  support  the  flame  of  the  wick,  and  the  combustion  being  of 
so  perfect  a  character,  that  portion  of  the  cylinder  which  is  above 
the  flame  must  always  be  filled  with  the  products  of  combustion,  and 
never  with  an  explosive  atmosphere.  This  is  clearly  seen  by  the 
flame  being  extinguished  whenever  the  g^eneral  upward  current  is 
b)'  any  means  reversed. 

The  weight  of  the  lamp  (always  an  important  consideration 
where  it  has  to  be  carried  for  any  length  of  time  in  the  hand)  is  not  at 
all  objectionable  ;   and  its  cost  in  Belgium  does  not  exceed?  francs, 

A  conical  brass  shade  is  attached  to,  and  made  to  slide  upon,  the 
rods  surrounding  the  glass  portion  of  the  cylinder,  by  which  the 
light  can  be  directed  do^vnwards  if  wished,  so  as  to  throw  the  light 
over  the  floor  of  the  mine. — Newton's  London  JoM;-«fl/,  February  1  So  2. 


METEOROLOGICAL  OBSERVATIOXS  FOR  JAX.  1852. 
Chmi'ick. — Januarj- 1.  Hazy,  overcast.  2.  Overcast :  fine :  slight  rain.  3.  Foggy: 
very  fine  :  cloudy :  boisterous  at  night.  4.  Clear  and  very  fine  :  frosty.  5.  Frosty : 
clear  and  fine.  6.  Clear  :  very  fine.  7.  Rain.  8.  Cloudy :  boisterous.  9.  Quite 
clear :  overcast.  10.  Frosty  :  clear  and  fine  :  rain.  11.  Rain :  overcast.  12.  Con- 
stant rain.  13.  Foggy,  with  rain.  14.  Foggy:  rain.  15.  Cloudy.  16.  Densely 
overcast :  fine.     17.  Very  fine.     18.  Hoar  frost :  very  fiue.     19.  Frosty :  very  fine. 

20.  Densely  clouded.  21.  Fine:  rain  at  night.  22,23.  Clear  and  very  fine. 
24.  Rain.  25,26.  Very  fine.  27.  Fine  :  rain.  28.  Foggy  :  fine  :  clear  :  frosty  at 
night.  29.  Foggy  and  frosty :  very  fine.  30.  Rain:  heavy  clouds:  clear.  31. 
Densely  overcast :  rain. 

Mean  temperature  of  the  month  39^'66 

Mean  temperature  of  Jan.  1851    40  "07 

Mean  temperattire  of  Jan.  for  the  last  twenty-six  years     ...  36 '79 

Average  amount  of  rain  in  Jan 1'68  inch. 

Boston. — Jan.  1,  2.  Cloudy.     3.  Fine.     4.  Fine:  hail-storm  early  a.m.     5,  6. 

Fine.     7.  Cloudy:  rain  p.m.     8.  Cloudy.     9.  Cloudy  :  rain  a.m.     10.  Fine.     11. 

Fine:  rain  early  a.m.     12.  Cloudy:  rain  early  a.m.     13.  Cloudy:  rain  p.m.     14. 

Cloudy.     15.  Cloudy  :  rain  a.m.  and  P.M.     16 — 19.  Fine.     20.  Cloudy :  rain  p.m. 

21.  Fine :  rain  P.M.  22.  Fine :  rain  early  a.m.  23.  Fine.  24.  Cloudy :  rain  a.m. 
and  P.M.  25,  26.  Fine.  27.  Cloudy!  rain  p.m.  28.  Fine.  29.  Fogijy.  30. 
Rainy:  rain  a.m.  and  p.m.     31.  Cloudy:  rain  a.m.  and  p.m. 

Sandwicl- Manse, Orkney.— Ja.n.  1.  Rain.  2.  Showers:  sleet-showers.  3.  Cloudy: 
sleet-showers.  4.  Snow-showers.  5.  Rain  :  cloudy.  6.  Rain  :  showers.  7.  Showers  : 
snow-showers.  8.  Frost .  cloudy.  9.  Showers :  snow-showers.  10.  Snow- showers  : 
cloudy.  11.  Snow-showers  :  clear  :  aurora.  12.  Cloudy  :  showers.  13.  Showers  : 
clear  :  aurora.  14,15.  Bright :  cloudy.  16.  Showers  :  cloudy.  17.  Showers. 
18.  Showers:  damp.  19.  Bright:  clear:  aurora.  20,21.  Cloudy:  rain.  22. 
Cloudy  :  showers:  thunder  and  lightning.  23,  24.  Showers  :  clear :" aurora.  25. 
Sleet-showers  :  aurora.  26.  Drops :  cloudy.  27.  Hazy :  cloudy.  28.  Fine  :  clear  : 
large  halo.  29.  Drizzle:  showers.  30.  Showers :  sleet-showers.  31.  Showers  : 
thunder  and  lightning :  showers. 
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[With  Two  Plates.] 

§1. 

WHEN  an  object  is  viewed  at  so  great  a  distance  that  the 
optic  axes  of  both  eyes  are  sensibly  parallel  when  directed 
towards  it,  the  perspective  projections  of  it,  seen  by  each  eye 
separately,  are  similar,  and  the  appearance  to  the  two  eyes  is 
precisely  the  same  as  when  the  object  is  seen  by  one  eye  only. 
There  is  in  such  case  no  diiiereuce  between  the  \'isual  appear- 
ance of  an  object  in  relief,  and  its  perspective  projection  on  a 
plane  surface;  and  hence  pictorial  representations  of  distant 
objects,  when  those  circumstances  which  would  prevent  or  disturb 
the  illusion  are  carefully  excluded,  may  be  rendered  such  perfect 
resemblances  of  the  objects  they  are  intended  to  represent  as  to 
be  mistaken  for  them;  the  Diorama  is  an  iDstance  of  this.  But 
this  similarity  no  longer  exists  when  the  object  is  placed  so  near 
the  eyes  that  to  viev>-  it  the  optic  axes  must  converge ;  under 
these  conditions  a  different  perspective  projection  of  it  is  seen 
by  each  eye,  and  these  perspectives  are  more  dissimilar  as  the 
convergence  of  the  optic  axes  becomes  greater.  This  fact  may 
be  easily  verified  by  placing  any  figure  of  three  dimensions,  an 
outhne  cube,  for  instance,  at  a  moderate  distance  before  the 
eyes,  and  while  the  head  is  kept  perfectly  steady,  viewing  it  with 

*  From  the  Philosophical  Transactions  for  18.38,  part  u. ;  having  been 
received  and  read  by  the  Royal  Society  June  21,  1838. 
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each  eye  successively  while  the  other  is  closed.  Plate  VIII.  fig.  13 
represents  the  two  perspective  projections  of  a  cube ;  b  is  that 
seen  by  the  riglit  eye,  and  a  that  presented  to  the  left  eye ;  the 
figure  being  supposed  to  be  placed  about  seven  inches  imme- 
diately before  the  spectator. 

The  appearances,  which  are  by  this  simple  experiment  ren- 
dered so  obvious,  may  be  easily  inferred  from  the  established 
laws  of  perspective;  for  the  same  object  in  relief  is,  when  viewed 
by  a  different  eye,  seen  from  two  ])oints  of  sight  at  a  distance 
from  each  other  equal  to  the  line  joining  the  two  eyes.  Yet 
they  seem  to  have  escaped  the  attention  of  every  philosopher  and 
artist  who  has  treated  of  the  subjects  of  vision  and  perspective. 
I  can  ascribe  this  inattention  to  a  phfendmenon  leading  to  the 
important  and  curious  consequences,  which  will  form  the  subject 
of  the  present  communication,  only  to  this  circumstance ;  that 
the  results  being  contrary  to  a  principle  which  was  very  gene- 
rally maintained  by  optical  writers,  viz.  that  objects  can  be  seen 
single  only  when  their  images  fall  on  corresponding  points  of 
the  two  retinae,  an  hj'pothesis  which  will  be  hereafter  discussed, 
if  the  consideration  ever  arose  in  their  minds,  it  was  hastily  dis- 
carded under  the  comiction,  that  if  the  pictures  presented  to  the 
two  eyes  are  under  certain  circumstances  dissimilar,  their  differ- 
ences must  be  so  small  that  they  need  not  be  taken  into  account. 

It  will  now  be  obvious  why  it  is  impossible  for  the  artist  to 
give  a  faithful  representation  of  any  near  solid  object,  that  is,  to 
produce  a  painting  which  shall  not  be  distinguished  in  the  mind 
from  the  object  itself.  When  the  painting  and  the  object  are 
seen  with  both  eyes,  in  the  case  of  the  painting  two  similar  pic- 
tures are  projected  on  the  retinse,  in  the  case  of  the  solid  object 
the  pictures  are  dissimilar ;  there  is  therefore  an  essential  diifer- 
ence  between  the  impressions  on  the  organs  of  sensation  in  the 
two  cases,  and  consequently  between  the  perceptions  formed  in 
the  mind;  the  painting  therefore  cannot  be  confounded  with  the 
solid  object. 

After  looking  over  the  works  of  many  authoi-s  who  might  be 
expected  to  have  made  some  remarks  relating  to  this  subject,  I 
have  been  able  to  find  but  one,  which  is  in  the  Trattato  della 
Pitfura  of  Leonardo  da  Vinci*.  This  great  artist  and  ingenious 
philosopher  observes,  "that  a  painting,  though  conducted  with 
the  gi'eatest  art  and  finished  to  the  last  perfection,  both  with  regard 
to  its  contours,  its  lights,  its  shadows  and  its  colours,  can  never 
show  a  relievo  equal  to  that  of  the  natural  objects,  imless  these 
be  viewed  at  a  distance  and  with  a  single  eye."  "  For,'^  says  he, 
"  if  an  object  C  [Plate  VII.  fig.  1]  be  viewed  by  a  single  eye  at 

*  SeealsoaTreatiseofPainting,  p.  1/8.  London,  1 721 ;  and  Dr.  Smith's 
CoiTiplete  System  of  Optics,  vol.  ii.  r.  244,  where  the  passage  is  quoted. 
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A,  all  objects  in  the  space  behind  it,  included  as  it  were  in  a 
shadow  ECF  cast  by  a  candle  at  A,  are  imisible  to  the  eye  at  A; 
but  when  the  other  eye  at  B  is  opened,  part  of  these  objects  become 
visible  to  it ;  those  only  being  hid  iVom  both  eyes  that  are  in- 
cluded, as  it  were,  in  the  double  shadow  CD,  cast  by  two  lights 
at  A  and  B,  and  terminated  in  D,  the  angular  space  EDG  beyond 
D  being  always  visible  to  both  eyes.  And  the  hidden  space  CD 
is  so  much  the  shorter,  as  the  object  C  is  smaller  and  nearer  to 
the  eyes.  Thus  the  object  C  seen  with  both  eyes  becomes,  as  it 
were,  transparent,  according  to  the  usual  definition  of  a  trans- 
parent thing;  namely,  that  which  hides  nothing  beyond  it.  But 
this  cannot  happen  when  an  object,  whose  breadth  is  bigger  than 
that  of  the  pupil,  is  viewed  by  a  single  eye.  The  truth  of  this 
observation  is  therefore  evident,  because  a  painted  figure  inter- 
cepts all  the  space  behind  its  apparent  place,  so  as  to  preclude 
the  eyes  from  the  sight  of  every  part  of  the  imaginary  ground 
behind  it." 

Had  Leonardo  da  Vinci  taken,  instead  of  a  sphere,  a  less 
simple  figure  for  the  purpose  of  his  illustration,  a  cube,  for  in- 
stance, he  would  not  only  have  have  o1)sei-ved  that  the  object 
obscured  from  each  eye  a  different  part  of  the  more  distant  field 
of  view,  but  the  fact  would  also  perhaps  have  forced  itself  upon 
his  attention,  that  the  object  itself  presented  a  diff'ereut  appear- 
ance to  each  eye.  He  failed  to  do  this,  and  no  subsequent 
writer  within  my  knowledge  has  supplied  the  omission ;  that  two 
obviously  dissimilar  pictures  are  projected  on  the  two  retinae 
when  a  single  object  is  viewed,  while  the  optic  axes  converge, 
must  therefore  be  regarded  as  a  new  fact  in  the  theory  of  vision. 

§3. 

It  being  thus  established  that  the  mind  perceives  an  object  of 
three  dimensions  by  means  of  the  two  dissimilar  pictures  pro- 
jected by  it  on  the  two  retinse,  the  following  question  occurs : 
What  would  be  the  visual  effect  of  simultaneously  presenting  to 
each  eye,  instead  of  the  object  itself,  its  projection  on  a  plane 
surface  as  it  appears  to  that  eye  ?  To  pursue  this  inquiry,  it  is 
necessary  that  n:;eans  should  be  contrived  to  make  the  two  pic- 
tures, which  must  necessarily  occupy  different  places,  fall  on 
similar  parts  of  both  retinae.  Under  the  ordinary  circumstances 
of  vision,  the  object  is  seen  at  the  coQcourse  of  the  optic  axes, 
and  its  images  consequently  are  projected  on  similar  parts  of  the 
two  retinae ;  but  it  is  also  evident  that  two  exactly  similar  objects 
may  be  made  to  fall  on  similar  parts  of  the  two  retinae,  if  they 
are  placed  one  in  the  direction  of  each  optic  axis,  at  equal  di- 
stances before  or  beyond  their  intersection. 

Fig.  2  represents  the  usual  situation  of  an  object  at  the  inter- 

R2 
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section  of  the  optic  axes.  In  fig.  3  the  similar  objects  are  placed 
in  the  direction  of  the  o])tic  axes  before  their  intersection,  and  in 
fig.  4  beyond  it.  In  all  these  three  cases  the  mind  perceives 
but  a  single  object,  and  refers  it  to  the  place  where  the  optic 
axes  meet.  It  will  be  observed,  that  when  the  eyes  converge 
beyond  the  objects,  as  in  fig.  3,  the  right-hand  object  is  seen  by 
the  right  eye,  and  the  left-hand  object  by  the  left  eye ;  but 
when  the  axes  converge  nearer  than  the  objects,  the  right-hand 
object  is  seen  by  the  left  eye,  and  conversely.  As  both  of  these 
modes  of  vision  are  forced  and  unnatural,  eyes  unaccustomed  to 
such  experiments  require  some  artificial  assistance.  If  the  eyes 
are  to  converge  beyond  the  objects,  this  may  be  afforded  by  a 
pair  of  tubes  (fig.  5)  capable  of  being  inclined  towards  each  other 
at  various  angles,  so  as  to  correspond  with  the  difi'erent  conver- 
gences of  the  optic  axes.  If  the  eyes  are  to  converge  at  a  nearer 
distance  than  that  at  which  the  objects  are  placed,  a  box  (fig.  6) 
may  be  conveniently  employed ;  the  objects  a  a'  are  placed 
distant  from  each  other,  on  a  stand  capable  of  being  moved 
nearer  the  eyes  if  required,  and  the  optic  axes  being  directed 
towards  them  will  cross  at  c,  the  aperture  bb'  allowing  the  visual 
rays  from  the  right-hand  object  to  reach  the  left  eye,  and  those 
from  the  left-hand  object  to  fall  on  the  right  eye ;  the  coinci- 
dence of  the  images  may  be  facilitated  by  placing  the  point  of  a 
needle  at  the  point  of  intersection  of  the  optic  axes  c,  and  fixing 
the  eyes  upon  it.  In  both  these  instruments  (figs.  5  and  6)  the 
lateral  images  are  hidden  from  view,  and  much  less  diflficulty 
occurs  in  making  the  images  unite  than  when  the  naked  ej'es 
are  employed. 

Now  if,  instead  of  placing  two  exactly  similar  objects  to  be 
viewed  by  the  eyes  in  either  of  the  modes  above  described,  the 
two  perspective  projections  of  the  same  solid  object  be  so  dis- 
posed, the  mind  will  still  perceive  the  object  to  be  single ;  but 
instead  of  a  representation  on  a  plane  surface,  as  each  drawing 
appears  to  be  when  separately  viewed  by  that  eye  which  is  di- 
rected towards  it,  the  observer  will  perceive  a  figure  of  three 
dimensions,  the  exact  counterpart  of  the  object  from  which  the 
drawings  were  made.  To  make  this  matter  clear,  I  will  mention 
one  or  two  of  the  most  simple  cases. 

If  two  vertical  lines  near  each  other,  but  at  different  distances 
from  the  spectator,  be  regarded  first  with  one  eye  and  then  with 
the  other,  the  lateral  separation  between  them  when  referred  to 
the  same  plane  will  appear  different ;  if  the  left-hand  line  be 
nearer  to  the  eyes,  the  scjxai-ation  seen  by  the  left  eye  will  be  less 
than  that  seen  by  the  right  eye ;  fig.  7  will  render  this  evident ; 
a  a'  are  vertical  sections  of  the  two  original  lines,  and  b  b'  the 
plane  to  which  their  projections  are  referred.     If  now  the  two 
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lines  be  drawn  ou  two  pieces  of  card,  at  the  respective  lateral  di- 
stances at  which  they  appear  to  each  eye,  and  these  cards  be  after- 
wards viewed  by  either  of  the  means  above  directed,  the  observer 
will  no  longer  see  lines  on  a  plane  surface,  as  each  card  sepa- 
rately shows ;  but  two  lines  will  appear,  one  nearer  to  him  than 
the  other,  precisely  as  the  original  vertical  hues  themselves. 
Again,  if  a  straight  wire  be  held  before  the  eyes  in  such  a  posi- 
tion that  one  of  its  ends  shall  be  nearer  to  the  observer  than  the 
other  is,  each  eye  separately  referring  it  to  a  plane  perpendicular 
to  the  common  axis,  will  see  a  line  differently  inclined ;  and  then 
if  lines  having  the  same  apparent  inclinations  be  drawn  on  two 
pieces  of  card,  and  be  presented  to  the  eyes  as  before  directed, 
the  real  position  of  the  original  line  will  be  correctly  perceived 
by  the  mind. 

In  the  same  manner  the  most  complex  figures  of  three  dimen- 
sions may  be  accurately  represented  to  the  mind,  by  presenting 
their  two  perspective  projections  to  the  two  retina?.  i3ut  I  shall 
defer  these  more  perfect  experiments  until  I  describe  an  instru- 
ment which  will  enable  any  person  to  observe  all  the  phaenomena 
in  question  with  the  greatest  ease  and  certainty. 

In  the  instruments  above  described,  the  optic  axes  converge 
to  some  point  in  a  plane  before  or  beyond  that  in  which  the 
objects  to  be  seen  are  situated.  The  adaptation  of  the  eye, 
which  enables  us  to  see  distinctly  at  different  distances,  and 
which  habitually  accompanies  every  different  degree  of  conver- 
gence of  the  optic  axes,  does  not  immediately  adjust  itself  to  the 
new  and  unusual  condition ;  and  to  persons  not  accustomed  to 
experiments  of  this  kind,  the  pictures  will  either  not  readily 
unite,  or  will  appear  dim  and  confused.  Besides  this,  no  object 
can  be  viewed  according  to  either  mode  when  the  drawings  ex- 
ceed in  breadth  the  distance  of  the  two  points  of  the  optic  axes 
in  which  their  centres  are  placed. 

These  inconveniences  are  removed  by  the  instrument  I  am 
about  to  describe;  the  two  pictures  (or  rather  their  reflected 
images)  are  placed  in  it  at  the  true  concourse  of  the  optic  axes, 
the  focal  adaptation  of  the  eye  preserves  its  usual  adjustment, 
the  appearance  of  lateral  images  is  entirely  avoided,  and  a  large 
field  of  view  for  each  eye  is  obtained.  The  frequent  reference  I 
shall  have  occasion  to  make  to  this  instrument  will  render  it 
convenient  to  give  it  a  specific  name ;  I  therefore  propose  that 
it  be  called  a  stei'eoscope,  to  indicate  its  property  of  representing 
solid  figm'es. 

§3. 

The  stereoscope  is  represented  by  figs.  8  and  9 ;  the  former 
being  a  front  view,  and  the  latter  a  plan  of  the  instrument. 
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A  A'  are  two  plane  mirrors,  about  four  inches  square,  inserted  in 
frames,  and  so  adjusted  that  their  backs  form  an  angle  of  90° 
with  each  other ;  these  mirrors  are  fixed  by  their  common  edge 
against  an  upright  B,  or  which  was  less  easy  to  represent  in  the 
drawing,  against  the  middle  line  of  a  vertical  board,  cut  away  in 
such  manner  as  to  allow  the  eyes  to  be  ])laced  before  the  two 
mirrors.  C  C  are  two  sliding  boards,  to  which  are  attached  the 
upright  boards  D  D',  which  may  thus  be  removed  to  different 
distances  from  the  mirrors.  In  most  of  the  experiments  here- 
after to  be  detailed,  it  is  necessary  that  each  upright  board  shall 
be  at  the  same  distance  from  the  mirror  which  is  opposite  to  it. 
To  facilitate  this  double  adjustment,  I  employ  a  right  and  a  left- 
handed  wooden  screw,  ?•  /;  the  two  ends  of  this  compound  screw 
pass  through  the  nuts  e  e\  which  are  fixed  to  the  lower  ])arts  of 
the  upright  boards  D  D',  so  that  by  turning  the  screw  pin  j)  one 
way  the  two  boards  will  approach,  and  by  turning  it  the  other 
they  will  recede  from  each  other,  one  always  preserving  the  same 
distance  as  the  other  from  the  middle  line  /.  E  E'  are  pannels, 
to  which  the  pictures  are  fixed  in  such  manner  that  their  corre- 
sponding horizontal  lines  shall  be  on  the  same  level :  these  pan- 
nels  are  capable  of  sliding  backwards  and  forwards  in  grooves  on 
the  upright  boards  D  D'.  The  apparatus  having  been  described, 
it  now  remains  to  explain  the  manner  of  using  it.  The  observer 
must  place  his  eyes  as  near  as  possible  to  the  mirrors,  the  nght 
eye  before  the  right-hand  mirror,  and  the  left  eye  before  the  left- 
hand  mirror,  and  he  must  move  the  sliding  pannels  E  E'  to  or 
from  him  until  the  two  reflected  images  coincide  at  the  intersec- 
tion of  the  optic  axes,  and  form  an  image  of  the  same  apparent 
magnitude  as  each  of  the  component  pictures.  The  pictures  will 
indeed  coincide  when  the  sliding  pannels  are  in  a  variety  of  dif- 
ferent positions,  and  consequently  when  viewed  under  different 
inclinations  of  the  optic  axes ;  but  there  is  only  one  position  in 
which  the  binocular  image  will  be  immediately  seen  single,  of 
its  proper  magnitude,  and  without  fatigue  to  the  eyes,  because 
in  this  position  only  the  ordinary  relations  between  the  magni- 
tude of  the  pictures  on  the  retina,  the  inclination  of  the  optic 
axes,  and  the  ada])tation  of  the  eye  to  distinct  nsion  at  different 
distances  are  preserved.  The  alteration  in  the  apparent  magni- 
tude of  the  liiuocular  images,  when  these  usual  relations  are 
disturbed,  will  be  discussed  in  another  paper  of  this  series,  with 
a  variety  of  remarkable  phienomena  depending  thereon.  In  all 
the  experiments  detailed  in  the  present  memoir  I  shall  suppose 
these  I'elatioiis  to  remain  undisturbed,  and  the  optic  axes  to  con- 
verge about  six  or  eight  inches  before  the  eyes. 

If  the  pictures  are  all  drawn  to  be  seen  with  the  same  inclina- 
tion of  the  optic  axes,  the  apparatus  may  be  simplified  by  omit- 
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ting  the  screw  r  /  and  fixing  the  upright  boards  D  D'  at  the 
proper  distances.  The  shding  pannels  may  also  be  dispensed 
wthj  and  the  di"a wings  themseh-es  be  made  to  shdc  in  the  grooves. 

§^- 

A  few  pairs  of  outhne  figures,  calculated  to  give  rise  to  the 
perception  of  objects  of  three  dimensions  when  placed  in  the 
stereoscope  in  the  manner  described,  are  represented  in  PI.  VIII. 
figs.  10  to  20.  They  are  one  half  the  linear  size  of  the  figures 
actually  employed.  As  the  drawings  are  reversed  by  reflexion  in 
the  mirrors,  I  will  suppose  these  figures  to  be  the  reflected  images 
to  which  the  eyes  are  directed  in  the  apparatus ;  those  marked 
b  being  seen  bv  the  right  eye,  and  those  marked  a  by  the  left 
eye.  The  drawings,  it  has  been  already  explained,  are  two  dif- 
ferent projections  of  the  same  object  seen  from  two  points  of 
sight,  the  distance  between  which  is  equal  to  the  interval  be- 
tween the  eyes  of  the  observer ;  this  interval  is  generally  about 
2^  inches. 

a  and  b,  fig.  10,  will,  when  viewed  in  the  stereoscope,  present 
to  the  mind  a  line  in  the  vertical  plane,  with  its  lower  end  in- 
chned  tovrards  the  observer.  If  the  two  component  lines  be 
caused  to  tm-n  round  their  centres  equally  in  opposite  dii-ections, 
the  resultant  line  will,  while  it  appears  to  assume  every  degree 
of  inchnation  to  the  referent  plane,  still  seem  to  remain  in  the 
same  vertical  plane. 

Fig.  11.  A  series  of  points  all  in  the  same  horizontal  plane, 
but  each  towards  the  right  hand  successively  nearer  the  observer. 

Fig,  12.  A  curved  line  intersecting  the  referent  plane,  and 
having  its  convexity  towards  the  observer. 

Fig.  13.  A  cube. 

Fig.  14.  A  cone,  having  its  axis  perpendicular  to  the  referent 
plane,  and  its  vertex  towards  the  observer. 

Fig.  15.  The  frustum  of  a  square  pyramid;  its  axis  perpen- 
dicular to  the  referent  plane,  and  its  base  furthest  from  the  eye. 

Fig.  16.  Two  circles  at  ditferent  distances  from  the  eyes,  their 
centres  in  the  same  perpendicular,  forming  the  outline  of  the 
frustum  of  a  cone. 

The  other  figures  require.no  observation. 

For  the  purposes  of  illustration  I  have  employed  only  outline 
figures,  for  had  either  shading  or  colouring  been  introduced  it 
might  be  supposed  that  the  eifect  was  wholly  or  iii  part  due  to 
these  circumstances,  whereas  by  leaving  them  out  of  considera- 
tion no  room  is  left  to  doubt  that  the  entire  efl'ect  of  relief  is 
owing  to  the  simidtaneous  perception  of  the  two  monocular  pro- 
jections, one  on  each  retina.  But  if  it  be  required  to  obtain  the 
most  faithful  resemblances  of  real  objects,  shadowing  and  co- 
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louring  may  properly  be  employed  to  heighten  the  effects.  Care- 
ful attention  would  enable  an  artist  to  draw  and  ])aint  the  two 
component  pictures,  so  as  to  present  to  the  mind  of  the  observer, 
in  the  resultant  perception,  perfect  identity  with  the  object  re- 
presented. Flowers,  crystals,  busts,  vases,  instruments  of  various 
kinds,  &c.,  might  thus  be  represented  so  as  not  to  be  distin- 
guished by  sight  from  the  real  objects  themselves. 

It  is  worthy  of  remark,  that  the  process  by  which  we  thus  be- 
come acquainted  with  the  real  forms  of  solid  objects,  is  precisely 
that  which  is  employed  in  descriptive  geometry,  an  important 
science  we  owe  to  the  genius  of  Monge,  but  which  is  little  studied 
or  known  in  this  country.  In  this  science,  the  position  of  a 
point,  a  right  line  or  a  curve,  and  consequently  of  any  figure 
whatever,  is  com})letely  determined  by  assigning  its  projections 
on  two  fixed  planes,  the  situations  of  which  are  known,  and 
which  are  not  parallel  to  each  other.  In  the  problems  of  de- 
scriptive geometry  the  two  referent  planes  are  generally  assumed 
to  be  at  right  angles  to  each  other,  but  in  binocular  vision  the 
inclination  of  these  planes  is  less  according  as  the  angle  made 
at  the  concourse  of  the  optic  axes  is  less ;  thus  the  same  solid 
object  is  represented  to  the  mind  by  different  pairs  of  monocular 
pictures,  according  as  they  are  placed  at  a  different  distance  be- 
fore the  eyes,  and  the  perception  of  these  differences  (though  we 
seem  to  be  unconscious  of  them)  may  assist  in  suggesting  to  the 
mind  the  distance  of  the  object.  The  more  inclined  to  each 
other  the  referent  planes  are,  with  the  greater  accmacy  are  the 
various  points  of  the  projections  referred  to  their  proper  places; 
and  it  appears  to  be  a  useful  provision  that  the  real  forms  of 
those  objects  which  are  nearest  to  us  are  thus  more  deterrainately 
apprehended  than  those  which  are  more  distant. 

§5. 

A  very  singular  effect  is  produced  when  the  drawing  origi- 
nally intended  to  be  seen  by  the  right  eye  is  placed  at  the  left 
hand  side  of  the  stereoscope,  and  that  designed  to  be  seen  by 
the  left  eye  is  placed  on  its  right  hand  side.  A  figure  of  three 
dimensions,  as  bold  in  relief  as  before,  is  perceived,  but  it  has  a 
different  form  from  that  which  is  seen  when  the  drawings  are  in 
their  proper  places.  There  is  a  certain  relation  between  the 
proper  figure  and  this,  which  I  shall  call  its  converse  figure. 
Those  points  which  appear  nearest  the  observer  in  the  proper 
figure  seem  the  most  remote  from  him  in  the  converse  figure,  and 
vice  versa,  so  that  the  figure  is,  as  it  were,  inverted ;  but  it  is  not 
an  exact  inversion,  for  the  near  parts  of  the  converse  figure  appear 
smaller,  and  the  remote  parts  larger  than  the  same  parts  before 
the  inversion.     Hence  the  drawings  which,  properly  placed,  oc- 
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casion  a  cube  to  be  perceived,  when  changed  in  the  manner 
described,  represent  the  frustum  of  a  square  pyramid  with  its 
base  remote  from  the  eye  :  the  cause  of  this  is  easy  to  understand. 
This  conversion  of  rehef  may  be  shown  by  all  the  pairs  of 
di'awings  from  fig.  10  to  19.  In  the  case  of  simple  figures  like 
these  the  converse  figure  is  as  readily  apprehended  as  the  origi- 
nal one,  because  it  is  generally  a  figure  of  as  frequent  occrn'reuce ; 
but  in  the  case  of  a  more  complicated  figm-e,  an  architectural 
design,  for  instance,  the  mind,  unaccustomed  to  perceive  its  con- 
verse, because  it  never  occui's  in  natiu'C,  can  find  no  meaning  in  it. 

§6. 

The  same  image  is  depicted  on  the  retina  by  an  object  of  three 
dimensions  as  by  its  projection  on  a  plane  sui-face,  provided  the 
point  of  sight  remain  in  both  cases  the  same.  There  should  be, 
therefore,  no  diiference  in  the  binocular  appearance  of  two  di'aw- 
ings,  one  presented  to  each  eye,  and  of  two  real  objects  so  pre- 
sented to  the  two  eyes  that  their  projections  on  the  retina  shall 
be  the  same  as  those  arisino:  from  the  drawings.  The  followina: 
experiments  will  prove  the  justness  of  this  inference. 

I  procm'cd  several  pairs  of  skeleton  figures,  i.  e.  outline  figures 
of  three  dimensions,  fonued  either  of  iron  wire  or  of  ebony  bead- 
ing about  one  tenth  of  an  inch  in  thickness.  The  pan-  I  most 
frequently  employed  consisted  of  two  cubes,  whose  sides  were 
three  inches  in  length.  TMien  I  placed  these  skeleton  figures 
on  stands  before  the  two  mirrors  of  the  stereoscope,  the  follow- 
ing efi"ects  were  produced,  according  as  their  relative  positions 
were  changed.  1st.  ^^  hen  they  were  so  placed  that  the  pictures 
which  their  reflected  images  projected  on  the  two  retinse  were 
precisely  the  same  as  those  which  would  have  been  projected  by 
a  cube  placed  at  the  concourse  of  the  optic  axes,  a  cube  in  rehef 
appeared  before  the  eyes.  2udly.  When  they  were  so  placed 
that  their  reflected  images  projected  exactly  similar  pictures  on 
the  two  retina,  all  effect  of  relief  was  destroyed,  and  the  com- 
pound appearance  was  that  of  an  outline  representation  on  a 
plane  surface.  3rdly.  AVhen  the  cubes  were  so  placed  that  the 
reflected  image  of  one  projected  on  the  left  retina  the  same  pic- 
ture as  in  the  first  case  was  projected  on  the  right  retina,  and 
conversely,  the  converse  figure  in  relief  appeai'cd. 

§"• 
If  a  symmetrical  object,  that  is  one  whose  right  and  left  sides 
are  exactly  similar  to  each  other  but  inverted,  be  placed  so  that 
any  point  in  the  plane  which  di^ndes  it  into  these  two  halves  is 
equally  distant  from  the  two  eyes,  its  two  monocular  projections 
are,  it  is  easy  to  see,  inverted  fac-similes  of  each  other.     Thus 
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fig.  15,  a  and  b  are  syumietrical  monocular  projections  of  the 
frustum  of  a  four-sided  pyramid,  and  tigs.  13,  It,  10,  are  cor- 
responding projections  of  other  symmetrical  objects.  This  being 
kept  in  view,  I  will  describe  an  experiment  which,  had  it  been 
casually  observed  previous  to  the  knowledge  of  the  jirinciples 
developed  in  this  paper,  would  have  appeared  an  inexplicable 
optical  illusion. 

jM  and  M'  (fig.  21)  arc  two  mirrors,  inclined  so  that  their 
faces  form  an  angle  of  90°  with  each  other.  Between  them  in 
the  bisecting  plane  is  placed  a  plane  outline  figure,  such  as 
fig.  15  o,  made  of  card  all  parts  but  the  lines  being  cut  away,  or 
of  wire.  A  reflected  image  of  this  outline,  placed  at  A,  will 
appear  behind  each  mirror  at  B  and  B',  and  one  of  these  images 
will  be  the  inversion  of  the  other.  If  the  eyes  be  made  to  con- 
verge at  C,  it  is  obvious  that  these  two  reflected  images  will  fall 
on  corresponding  parts  of  the  two  retinre,  and  a  figure  of  three 
dimensions  will  be  perceived ;  if  the  outline  placed  in  the  bisect- 
ing ])lane  be  reversed,  the  converse  skeleton  form  will  appear ; 
in  both  these  experiments  we  have  the  singular  phfenomcnon  of 
the  conversion  of  a  single  plane  outline  into  a  figure  of  three 
dimensions.  To  render  the  binocular  object  more  distinct,  con- 
cave lenses  may  be  a])])licd  to  the  eyes;  and  to  prevent  the  two 
lateral  images  from  being  seen,  screens  may  be  placed  at  1) 


andD' 


.^8. 


An  effect  of  binocular  perspective  may  be  remarked  in  a 
plate  of  metal,  the  surface  of  which  has  been  made  smooth 
by  turning  it  in  a  lathe.  When  a  single  candle  is  brought 
near  such  a  ])late,  a  line  of  light  appears  standing  out  from 
it,  one  half  being  above,  and  the  other  half  below  the  surface ; 
the  position  and  inclination  of  this  line  changes  with  the 
situation  of  the  light  and  of  the  observer,  but  it  always  passes 
through  the  centre  of  the  plate.  On  closing  the  left  eye  the 
relief  disappears,  and  the  luminous  line  coincides  Avith  one  of 
the  diameters  of  the  plate ;  on  closing  the  right  eye  the  line 
appears  equally  in  the  plane  of  the  surface,  but  coincides  with 
another  diameter ;  ou  opening  both  eyes  it  instantly  starts  into 
relief*.  The  case  here  is  exactly  analogous  to  the  vision  of  two 
inclined  lines  (fig.  10)  when  each  is  presented  to  a  different  eye 
in  the  stereoscope.  It  is  curious,  that  an  effect  like  this,  which 
must  have  been  seen  thousands  of  times,  should  never  have 

*  The  Umiinous  line  seen  by  a  single  eye  arises  from  the  reflexion  of 
the  light  from  each  of  the  concentric  cu'cles  produced  in  the  operation  of 
turning ;  aa  hen  the  ])late  is  not  larp;e  tlic  arrangement  of  these  successive 
reflexions  does  not  dilFer  from  a  straight  line. 
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attracted  sufficient  attention  to  have  been  made  the  subject  of 
philosophic  observation.  It  was  one  of  the  earhest  facts  which 
drew  my  attention  to  the  subject  I  am  now  treating. 

Dr.  Smith*  was  very  much  puzzled  by  an  effect  of  binocular 
perspective  which  he  observed^  but  was  unable  to  explain.  He 
opened  a  pair  of  compasses,  and  while  he  held  the  joint  in  his 
hand,  and  the  points  outwards  and  equidistant  from  his  eyes, 
and  somewhat  higher  than  the  joint,  he  looked  at  a  more  distant 
point;  the  compasses  appeared  double.  He  then  compressed 
the  legs  until  the  two  inner  points  coincided ;  having  done  this 
the  two  inner  legs  also  entirely  coincided,  and  bisected  the  angle 
formed  by  the  outward  ones,  appearing  longer  and  thicker  than 
they  did,  and  reaching  from  the  hand  to  the  remotest  object  in 
view.  The  explanation  offered  by  Dr.  Smith  accounts  only  for 
the  coincidence  of  the  points  of  the  compasses,  not  for  that  of 
the  entire  leg.  The  effect  in  question  is  best  seen  by  employing 
a  pair  of  straight  mres,  about  a  foot  in  length.  A  similar  obser- 
vation, made  with  two  flat  rulers,  and  afterwards  with  silk  threads, 
induced  Dr.  Wells  to  propose  a  new  theory  of  visible  direction  in 
order  to  explain  it,  so  inexplicable  did  it  seem  to  him  by  any  of 
the  received  theories. 

§9. 

The  preceding  experiments  render  it  e\ddent  that  there  is  an 
essential  difference  in  the  appearance  of  objects  when  seen  with 
two  eyes,  and  when  only  one  eye  is  employed,  and  that  the  most 
vivid  belief  of  the  solidity  of  an  object  of  three  dimensions  arises 
from  two  different  perspective  projections  of  it  being  simulta- 
neously presented  to  the  mind.     How  happens  it  then,  it  may 
be  asked,  that  persons  who  see  with  only  one  eye  form  correct 
notions  of  solid  objects,  and  never  mistake  them  for  pictures  ? 
and  how  happens  it  also,  that  a  person  having  the  perfect  use  of 
both  eyes,  perceives  no  cUfference  in  objects  around  him  when  he 
shuts  one  of  them  ?    To  explain  these  apparent  difficulties,  it  I 
must  be  kept  in  mind,  that  although  the  simultaneous  vision  of ! 
two  chssimilar  pictm-es  suggests  the  relief  of  objects  in  the  most ,' 
vivid  manner,  yet  there  are  other  signs  which  suggest  the  same  ]'. 
ideas  to  the  mind,  which,  though  more  ambiguous  than  the ' 
former,  become  less  liable  to  lead  the  judgement  astray  in  pro- 
portion to  the  extent  of  our  previous  experience.     The  vividness 
of  relief  arising  from  the  projection  of  two  dissimilar  pictures, 
one  on  each  retina,  becomes  less  and  less  as  the  object  is  seen 
at  a  greater  distance  before  the  eyes,  and  entirely  ceases  when  it 
is  so  distant  that  the  optic  axes  are  parallel  while  regarding  it. 
We  see  with  both  eyes  all  objects  beyond  this  distance  precisely 
*  System  of  Optics,  vol.  ii.  p.  388.  and  r.  526. 
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as  we  see  near  objects  with  a  single  eye ;  for  the  pictures  on  the 
two  retiiiK  are  then  exactly  similar,  and  the  mind  appreciates  no 
difference  whether  two  identical  pictures  fall  on  corresponding 
parts  of  the  two  retinae,  or  whether  one  eye  is  impressed  with  only 
one  of  these  pictures.  A  person  deprived  of  the  sight  of  one 
eye  sees  therefore  all  external  objects  near  and  remote,  as  a  pei*- 
son  with  both  eyes  sees  remote  objects  only,  but  that  vivid  effect 
arising  from  the  binocular  vision  of  near  objects  is  not  perceived 
by  the  former;  to  supply  this  detieieney  he  has  recourse  uncon- 
sciously to  other  means  of  acquiring  more  accurate  information. 
The  motion  of  the  head  is  the  principal  means  he  employs.  That 
the  required  knowledge  may  be  thus  obtained  M'ill  be  evident 
from  the  following  considerations.  The  mind  associates  with  the 
idea  of  a  solid  object  every  different  projection  of  it  which  expe- 
rience has  hitherto  afforded ;  a  single  projection  may  be  ambi- 
guous, from  its  being  also  one  of  the  projections  of  a  pictui'e,  or 
of  a  different  solid  object ;  but  when  different  projections  of  the 
same  object  are  successively  presented,  they  cannot  all  belong  to 
another  object,  and  the  form  to  which  they  belong  is  completely 
characterized.  While  the  object  remains  fixed,  at  every  move- 
ment of  the  head  it  is  viewed  from  a  different  point  of  sight,  and 
the  picture  on  the  retina  consequently  continually  changes. 

Every  one  must  be  aware  how  greatly  the  perspective  effect  of 
a  picture  is  enhanced  by  looking  at  it  with  only  one  eye,  espe- 
cially when  a  tube  is  employed  to  exclude  the  vision  of  adjacent 
objects,  whose  presence  might  disturb  the  illusion.  Seen  under 
such  circumstances  from  the  proper  point  of  sight,  the  picture 
projects  the  same  lines,  shades  and  colours  on  the  retina,  as  the 
more  distant  scene  which  it  represents  would  do  were  it  substi- 
tuted for  it.  The  appearance  which  would  make  us  certain  that 
it  is  a  pictui-e  is  excluded  from  the  sight,  and  the  imagination 
has  room  to  be  active.  Several  of  the  older  writers  erroneously 
attributed  this  apparent  superiority  of  monocular  vision  to  the 
concentration  of  the  visual  power  in  a  single  eye*. 

There  is  a  well-known  and  very  striking  illusion  of  perspective 
which  deserves  a  passing  remark,  because  the  reason  of  the  effect 
does  not  apjiear  to  be  generally  understood.  When  a  perspective 
of  a  building  is  projected  on  a  horizontal  plane,  so  that  the  point 
of  sight  is  in  a  line  greatly  inclined  towards  the  plane,  the 
building  appears  to  a  single  eye  placed  at  the  point  of  sight,  to 
be  in  bold  relief,  and  the  illusion  is  almost  as  perfect  as  in  the 
binocular  experiments  described  in  §§  2,3,4.  This  effect  wholly 

*  "  We  see  more  exquisitely  with  one  ej'e  shut  than  with  both,  because 
the  vital  spirits  thus  unite  themselves  the  more,  and  become  the  stronger : 
for  ^^  e  may  find  by  looking  in  a  glass  w  hilst  we  shut  one  eye,  that  the  pupil 
of  the  other  dilates." — Lord  Bacon's  "Works,  Sylva  Sylvorvm,  art.  Vision. 
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arises  from  the  unusual  projection,  which  suggests  to  the  mind 
more  readily  the  object  itseU'  than  the  drawing  of  it ;  for  we  are 
accustomed  to  see  real  objects  in  almost  every  point  of  view,  but 
perspective  representations  being  generally  made  in  a  vertical 
plane  with  the  point  of  sight  in  a  line  perpendicular  to  the  plane 
of  projection,  we  are  less  familiar  with  the  appearance  of  other 
projections.  Any  other  unusual  projection  will  produce  the 
same  effect. 

§  10. 

If  we  look  with  a  single  eye  at  the  drawing  of  a  solid  geo- 
metrical figure,  it  may  be  imagined  to  be  the  representation  of 
either  of  two  dissimilar  solid  figures,  the  figure  intended  to  be 
represented,  or  its  converse  figure  (§  5).  If  the  former  is  a  veiy 
usual,  and  the  latter  a  very  unusual  figure,  the  imagination  will 
fix  itself  on  the  original  ^\'ithout  wandering  to  the  converse 
figure ;  but  if  both  are  of  ordinary  occurrence,  which  is  gene- 
rally the  case  with  regard  to  simple  forms,  a  singular  phenome- 
non takes  place ;  it  is  perceived  at  one  time  distinctly  as  one  of 
these  figures,  at  another  time  as  the  other,  and  while  one  figure  con- 
tinues it  is  not  in  the  power  of  the  will  to  change  it  immediately. 

The  same  phsenomenon  takes  place,  though  less  decidedly, 
when  the  drawing  is  seen  with  both  eyes.  Many  of  my  readers 
will  call  to  mind  the  puzzling  eftect  of  some  of  the  diagrams 
annexed  to  the  problems  of  the  eleventh  book  of  Euclid ;  which, 
when  they  were  attentively  looked  at,  changed  in  an  arbitraiy 
manner  from  one  solid  figure  to  another,  and  would  obstinately 
continue  to  present  the  converse  figures  when  the  real  figures 
alone  were  wanted.  This  perplexing  illusion  must  be  of  com- 
mon occurrence,  but  I  have  only  found  one  recorded  observation 
relating  to  the  subject.  It  is  by  Professor  Necker  of  Geneva,  and 
I  shall  qiiote  it  in  his  own  words  from  the  Philosophical  !Maga- 
zine.  Third  Series,  vol.  i.  p.  337. 

"  The  object  I  have  now  to  call  yom*  attention  to  is  an  obser- 
vation which  has  often  occurred  to  me  while  examining  figures 
and  engraved  plates  of  crystalline  forms ;  I  mean  a  sudden  and 
involuntary  change  in  the  apparent  position  of  a  crystal  or  sohd 
represented  in  an  engraved  figure.  What  I  mean  will  be  more 
easily  understood  from  the  figure  annexed  (fig.  22).  The  rhom- 
boid AX  is  drawn  so  that  the  solid  angle  A  should  be  seen  the 
nearest  to  the  spectator,  and  the  solid  angle  X  the  farthest  from 
him,  and  that  the  face  ACDB  should  be  the  foremost,  while  the 
face  XDC  is  behind.  But  in  looking  repeatedly  at  the  same 
figure,  you  will  perceive  that  at  times  the  apparent  position  of 
the  rhomboid  is  so  changed  that  the  solid  angle  X  will  appear 
the  nearest,  and  the  solid  angle  A  the  farthest ;  and  that  the 
face  ACDB  will  recede  behind  the  face  XDC,  which  vaW  come 
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fonvard,  which  effect  gives  to  the  whole  soUd  a  quite  contrary 
apparent  inclination." 

Professor  Nccker  attributes  this  alteration  of  appearance,  not 
to  a  mental  operation,  but  to  an  involuntary  change  in  the  ad- 
justment of  the  eye  for  obtaining  distinct  vision.  He  supjjosed 
that  whenever  the  point  of  distinct  vision  on  the  retina  is  directed 
on  the  angle  A,  for  instance,  this  angle  seen  more  distinctly  than 
the  others,  is  naturally  supposed  to  be  nearer  and  foremost, 
while  the  other  angles  seen  indistinctly  are  supposed  to  be 
further  and  behind,  and  that  the  reverse  takes  place  when  the 
point  of  distinct  vision  is  brought  to  bear  on  the  angle  X. 

That  this  is  not  the  true  explanation,  is  evident  from  three 
circumstances  :  in  the  first  place,  the  two  points  A  and  X 
being  both  at  the  same  distance  from  the  eyes,  the  same  altera- 
tion of  adjustment  which  would  make  one  of  them  indistinct 
would  make  the  other  so ;  secondly,  the  figure  will  undergo 
the  same  changes  whether  the  focal  distance  of  the  eye  be  ad- 
justed to  a  point  before  or  beyond  the  plane  in  which  the  figui'e 
is  drawn ;  and  thirdly,  the  change  of  figure  frequently  occura 
while  the  eye  continues  to  look  at  the  same  angle.  The  effect 
seems  entirely  to  depend  on  our  mental  contemplation  of  the 
figm-e  intended  to  be  represented,  or  of' its  converse.  By  fol- 
lowing the  lines  with  the  eye  with  a  clear  idea  of  the  solid  figure 
we  are  describing,  it  may  be  fixed  for  any  length  of  time  j  but 
it  requires  practice  to  do  this  or  to  change  the  tigm-c  at  will.  As 
I  have  before  observed,  these  effects  are  far  more  obvious  when 
the  figures  arc  regarded  with  one  eye  only. 

No  illusion  of  this  kind  can  take  place  when  an  object  of  three 
dimensions  is  seen  with  both  eyes  while  the  optic  axes  make  a 
sensible  angle  with  each  other,  because  the  appearance  of  the 
two  dissimilar  images,  one  to  each  eye,  prevents  the  possibility 
of  mistake.  But  if  we  regard  an  object  at  such  a  distance  that 
its  two  projections  are  sensibly  identical,  and  if  this  projection 
be  capable  of  a  double  interpretation,  the  illusion  may  occur. 
Thus  a  placard  on  a  pole  carried  in  the  streets,  with  one  of  its 
sides  inclined  towards  the  observer,  will,  when  he  is  distant 
from  it,  frequently  appear  inclined  in  a  contrary  du'cction.  Many 
analogous  instances  might  be  adduced,  but  this  will  suffice  to 
call  others  to  mind ;  it  must  however  be  observed,  that  when 
shadows,  or  other  means  capable  of  determining  the  judgement 
are  present,  these  fallacies  do  not  arise. 

The  same  indetemiination  of  judgement  which  causes  a  draw- 
ing to  be  perceived  by  the  mind  at  different  times  as  two  dif- 
ferent figures,  frequently  gives  rise  to  a  false  perception  when 
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objects  in  relief  are  regarded  with  a  single  eye.  The  apparent 
conversion  of  a  cameo  into  an  intaglio,  and  of  an  intaglio  into  a 
cameo,  is  a  well-known  instance  of  this  fallacy  in  vision  ;  but 
the  fact  does  not  appear  to  me  to  have  been  correctly  explained, 
nor  the  conditions  under  which  it  occurs  to  have  been  properly 
stated. 

This  curious  illusion,  which  has  been  the  subject  of  much  at- 
tention, was  first  observed  at  one  of  the  early  meetings  of  the 
Royal  Society*.  Several  of  the  members  looking  through  a 
compound  microscope  of  a  new  construction  at  a  guinea,  some 
of  them  imagined  the  image  to  be  depressed,  while  others 
thought  it  to  be  embossed,  as  it  really  was.  Professor  Gmelin, 
of  Wurtemburg,  published  a  paper  on  the  same  subject  in  the 
Philosophical  Transactions  for  1 745  ;  his  experiments  were  made 
with  telescopes  and  compound  microscopes  which  inverted  the 
images ;  and  he  observed  that  the  conversion  of  relief  appeared 
in  some  cases  and  not  in  others,  at  some  times  and  not  at  others, 
and  to  some  eyes  also  and  not  to  others.  He  endeavoured  to 
ascertain  some  of  the  conditions  of  the  two  appearances  ;  "  but 
why  these  things  should  so  happen,^'  says  he,  "  I  do  not  pretend 
to  determine." 

Sir  David  Brewster  accounts  for  the  fallacy  in  the  following 
manner  f : — '^  A  hollow  seal  being  illuminated  by  a  window  or  a 
candle,  its  shaded  side  is  of  course  on  the  same  side  with  the 
light.  If  we  now  invert  the  seal  with  one  or  more  lenses,  so 
that  it  may  look  in  the  opposite  direction,  it  will  appear  to  the 
eye  with  the  shaded  side  furthest  from  the  windovr.  But  as  we 
know  that  the  window  is  still  on  our  left  hand,  and  as  every 
body  with  its  shaded  side  furthest  from  the  light  must  necessai'ily 
be  convex  or  protuberant,  we  immediately  believe  that  the  hollow 
seal  is  now  a  cameo  or  bas-relief.  The  proof  which  the  eye  thus 
receives  of  the  seal  being  raised,  overcomes  the  evidence  of  its 
being  hollow,  derived  from  our  actual  knowledge  and  from  the 
sense  of  touch.  In  this  experiment  the  deception  takes  place 
from  our  knowing  the  real  direction  of  the  light  which  falls  on 
the  seal;  for  if  the  place  of  the  window,  with  respect  to  the 
seal,  had  been  inverted  as  well  as  the  seal  itself,  the  illusion 
could  not  have  taken  place.  The  illusion,  therefore,  under  our 
consideration  is  the  result  of  an  operation  of  our  own  minds, 
whereby  we  judge  of  the  forms  of  bodies  by  the  knowledge  we 
have  acquired  of  light  and  shadow.  Hence  the  illusion  depends 
on  the  accuracy  and  extent  of  our  knowledge  on  this  subject; 
and  while  some  persons  are  under  its  influence,  others  are  en- 
tirely insensible  to  it." 

*  Birch's  Uistoiy,  vol.  ii.  p.  348.  f  Natural  Magic,  p.  100, 
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These  considerations  do  not  fully  explain  the  pha?nomenon, 
for  they  suppose  that  the  image  must  be  inverted,  and  that  the 
light  must  fall  in  a  particular  direction  ;  but  the  conversion  of 
relief  will  still  take  place  when  the  object  is  viewed  through  an 
open  tube  without  any  lenses  to  invert  it,  and  also  when  it  is 
equally  illuminated  in  all  parts.  The  true  explanation  I  believe 
to  be  the  following.  If  we  suppose  a  cameo  and  an  intaglio  of 
the  same  object,  the  elevations  of  the  one  corresponding  exactly 
to  the  depressions  of  the  other,  it  is  easy  to  show  that  the  pro- 
jection of  either  on  the  retina  is  sensibly  the  same.  When  the 
cameo  or  the  intaglio  is  seen  with  both  eyes,  it  is  impossible  to 
mistake  an  elevation  for  a  depression,  for  reasons  which  have 
been  already  amply  explained ;  but  when  either  is  seen  with  one 
eye  only,  the  most  certain  guide  of  our  judgement,  viz.  the  pre- 
sentation of  a  diflferent  picture  to  each  eye,  is  wanting ;  the 
imagination  therefore  supplies  the  deticiency,  and  we  conceive 
the  object  to  be  raised  or  depressed  according  to  the  dictates  of 
this  faculty.  No  doubt  in  such  cases  our  judgement  is  in  a  great 
degree  influenced  by  accessory  circumstances,  and  the  intaglio 
or  the  relief  may  sometimes  present  itself  according  to  our  pre- 
vious knowledge  of  the  direction  in  which  the  shadows  ought  to 
appear ;  but  the  principal  cause  of  the  ph?enomcnon  is  to  be 
found  in  the  indetcrmination  of  the  judgement  arising  from 
our  more  perfect  means  of  judging  being  absent. 

ObseiTcrs  with  the  microscope  must  be  particularly  on  their 
guard  against  illusions  of  this  kind.  Raspail  observes  *  that 
the  hollow  jiyramidal  arrangement  of  the  crystals  of  muriate  of 
soda  appears,  when  seen  through  a  microscope,  like  a  striated 
pyramid  in  relief.  He  recommends  two  modes  of  correcting  the 
illusion.  The  first  is  to  bring  successively  to  the  focus  of  the 
instrument  the  different  parts  of  the  ciystal ;  if  the  pyramid  be 
in  relief,  the  point  will  arrive  at  the  focus  sooner  than  the  base 
will ;  if  the  ])yramid  be  hollow,  the  contrary  will  take  place. 
The  second  mode  is  to  project  a  strong  light  on  the  pyramid  in 
the  field  of  view  of  the  microscope,  and  to  observe  which  sides  of 
the  crystal  are  illuminated,  taking  however  the  inversion  of  the 
image  into  consideration  if  a  compound  microscope  be  employed. 
The  inversion  of  relief  is  very  striking  when  a  skeleton  cube 
is  looked  at  with  one  eye,  and  the  following  singular  results  may 
in  this  case  be  observed.  So  long  as  the  mind  perceives  the 
cube,  however  the  figure  be  turned  about,  its  various  appear- 
ances will  be  but  different  representations  of  the  same  object, 
and  the  same  primitive  form  will  be  suggested  to  the  mind  by 
all  of  them  :  but  it  is  not  so  if  the  converse  figure  fixes  the  at- 

*  Nouveau  Systhne  de  Chimie  Organique,  2"*  edit.  t.  i.  p.  333. 
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tention;  the  series  of  successive  projections  cannot  then  be  re- 
ferred to  any  figure  to  which  they  are  all  common^  and  the 
skeleton  figure  will  appear  to  be  continually  undergoing  a  change 
of  shape. 

§12. 

I  have  given  ample  proof  that  objects  whose  pictures  do  not 
fall  on  corresponding  points  of  the  two  retinae  may  still  appear 
single.  I  will  now  adduce  an  experiment  which  proves  that 
similar  pictures  falling  on  corresponding  points  of  the  two  re- 
tinae may  appear  double  and  in  different  places. 

Pi-esent,  in  the  stereoscope,  to  the  right  eye  a  -^-ertical  line, 
and  to  the  left  eye  a  line  inclined  some  degrees  from  the  per- 
pendicular (fig.  23) ;  the  observer  will  then  perceive,  as  formerly 
explained,  a  line,  the  extremities  of  which  appear  at  different 
distances  before  the  eyes.  Draw  on  the  left-hand  figure  a  faint 
vertical  line  exactly  corresponding  in  position  and  length  to  that 
presented  to  the  right  eye,  and  let  the  two  lines  of  this  left-hand 
figure  intersect  each  other  at  their  centres.  Looking  now  at 
these  two  drawings  in  the  stereoscope,  the  two  strong  lines,  each 
seen  by  a  chfferent  eye,  will  coincide,  and  the  resultant  perspec- 
tive line  will  appear  to  occupy  the  same  place  as  before ;  but 
the  faint  line  which  now  falls  on  a  line  of  the  left  retina,  which 
corresponds  with  the  line  of  the  right  retina  on  which  one  of 
the  coinciding  strong  lines,  viz.  the  vertical  one,  falls,  appears  in 
a  different  place.  The  place  this  faint  line  apparently  occupies 
is  the  intersection  of  that  plane  of  visual  directions  of  the  left 
eye  in  which  it  is  situated,  with  the  plane  of  visual  directions  of 
the  right  eye,  which  contains  the  strong  vertical  line. 

This  experiment  affords  another  proof  that  there  is  no  neces- 
sary physiological  connection  between  the  corresponding  points  ; 
of  the  two  retiuee, — a  doctrine  which  has  been  maintained  by 
so  many  authors. 

§  13.  Binocular  Vision  of  Images  of  different  Magnitudes. 

We  \r\\[  now  inquire  what  effect  results  from  presenting  simi- 
lar images,  differing  only  in  magnitude,  to  analogous  parts  of 
the  two  retinae.  For  this  pvn-pose  two  squares  or  circles,  differ- 
ing ob\iously  but  not  extravagantly  in  size,  may  be  drawn  on 
two  separate  pieces  of  paper,  and  placed  in  the  stereoscope  so 
that  the  reflected  image  of  each  shall  be  equally  distant  from  the 
eye  by  which  it  is  regarded.  It  will  then  be  seen  that,  not- 
withstanding this  difference,  they  coalesce  and  occasion  a  single 
resultant  perception.  The  limit  of  the  difference  of  size  within 
which  the  single  appearance  subsists  may  be  ascertained  by  em- 
ploying two  images  of  equal  magnitude,  and  causing  one  of  them 
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to  recede  from  the  eye  while  the  other  remains  at  a  constant 
distance  ;  this  is  cfFcctcd  merely  by  pulling  out  the  sliding  board 
C  (tig.  8)  while  the  other  C  remains  fixed,  the  screw  having  pre- 
viously been  removed. 

Though  the  single  appearance  of  two  images  of  different  size 
is  by  this  experiment  demonstrated,  the  observer  is  unable  to 
perceive  what  difference  exists  between  the  apparent  magnitude 
of  the  binocular  image  and  that  of  the  two  monocular  images  ; 
to  determine  this  point  the  stereoscope  must  be  dispensed  with, 
and  the  experiment  so  arranged  that  all  three  shall  be  shnulta- 
neously  seen  ;  which  may  be  done  in  the  following  manner  : — 
The  two  drawings  being  placed  side  by  side  on  a  plane  before 
the  eyes,  the  optic  axes  must  be  made  to  converge  to  a  nearer 
point  as  at  fig.  4,  or  to  a  more  distant  one  as  at  fig.  3,  until  the 
three  images  are  seen  at  the  same  time,  the  binocular  image  in 
the  middle,  and  the  monocular  images  at  each  side.  It  will  thus 
be  seen  that  the  binocular  image  is  apparently  intermediate  in 
size  between  the  two  monocular  ones. 

If  the  pictures  be  too  unequal  in  magnitude,  the  binocular 
coincidence  does  not  take  place.  It  appears  that  if  the  inequal- 
ity of  the  pictures  be  greater  than  the  difference  which  exists 
between  the  two  projections  of  the  same  object  when  seen  in  the 
most  oblique  position  of  the  eyes  {i.  e.  both  turned  to  the  extreme 
right  or  to  the  extreme  left),  ordinarily  employed,  they  do  not 
coalesce.  Were  it  not  for  the  binocular  coincidence  of  two 
images  of  different  magnitude,  objects  would  appear  single  only 
when  the  optic  axes  converge  immediately  forwards;  for  it  is 
only  when  the  converging  visual  lines  form  equal  angles  with  the 
visual  base  (the  line  joining  the  centres  of  the  two  eyes)  as  at 
fig.  2,  that  the  two  pictures  can  be  of  equal  magnitude ;  but 
when  they  form  different  angles  ^ith  it,  as  at  fig.  24,  the  di- 
stance from  the  object  to  each  eye  is  different,  and  consequently 
the  picture  projected  on  each  retina  has  a  different  magnitude. 
If  a  piece  of  money  be  held  in  the  position  a  (PI.  VII.  fig.  24), 
while  the  optic  axes  converge  to  a  nearer  point  c,  it  will  appear 
double,  and  that  seen  by  the  left  eye  will  be  evidently  smaller 
than  the  other. 

§  14.  Phanomenn  u-hich  are  observed  ivhen  pictures,  nhich  are 
neithei'  similar  nor  the  binocular  complements  of  each  other,  are 
simultaneously  presented  to  corresponding  parts  of  the  two  retina. 

If  we  regard  one  pictuie  with  the  right  eye  alone  for  a  con- 
siderable length  of  time  it  will  be  constantly  perceived ;  if  we 
look  at  the  other  with  the  left  eye  alone  its  effect  will  be  equally 
permanent ;  it  might  therefore  be  expected  that  if  each  of  these 


Prof.  TVheatstone  on  the  Physiology  of  Vision.         259 

pictui'es  were  presented  to  its  corresponding  eye  at  the  same  time 
the  two  would  appear  permanently  superposed  on  each  other. 
This,  however,  contrary  to  expectation,  is  not  the  case. 

If  a  and  b  (tig.  25)  are  each  presented  at  the  same  time  to  a 
diflferent  eye,  the  common  border  will  remain  constant,  while  the 
letter  within  it  will  change  alternately  from  that  which  would  be 
perceived  by  the  right  eye  alone  to  that  which  would  be  per- 
ceived by  the  left  eye  alone.  At  the  moment  of  change  the  letter 
which  has  just  been  seen  breaks  into  fragments,  while  fragments 
of  the  letter  which  is  about  to  appear  mingle  with  them,  and  are 
immediately  after  replaced  by  the  entire  letter.  It  does  not  ap- 
pear to  be  in  the  power  of  the  will  to  determine  the  appearance 
of  either  of  the  letters,  but  the  duration  of  the  appearance  seems 
to  depend  on  causes  which  are  under  our  control :  thus  if  the 
two  pictures  be  equally  illuminated,  the  alternations  appear  in 
general  of  equal  duration  ;  but  if  one  picture  be  more  illuminated 
than  the  other,  that  which  is  less  so  will  be  perceived  during  a 
shorter  time.  I  have  generally  made  this  experiment  with  the 
apparatus,  fig.  6.  AVhen  complex  pictures  are  employed  in  the 
stereoscope,  various  parts  of  them  alternate  diiFerently. 

There  are  some  facts  intimately  connected  with  the  subject  of 
the  present  article  which  have  already  been  frecpiently  observed. 
I  allude  to  the  experiments,  first  made  by  Du  Tour,  in  which 
two  different  colours  are  presented  to  corresponding  parts  of  the 
two  retin?e.  If  a  blue  disc  be  presented  to  the  right  eye  and  a 
yellow  disc  to  the  corresponding  part  of  the  left  eye,  instead  of 
a  green  disc  which  would  appear  if  these  two  colours  had  min- 
gled before  their  arrival  at  a  single  eye,  the  mind  will  perceive 
the  two  colours  distinctly,  one  or  the  other  alternately  predomi- 
nating either  partially  or  wholly  over  the  disc.  In  the  same 
manner  the  mind  perceives  no  trace  of  violet  when  red  is  pre- 
sented to  one  eye  and  blue  to  the  other,  nor  any  vestige  of  orange 
when  red  and  yellow  are  separately  presented  in  a  similar  man- 
ner. These  experiments  may  be  conveniently  repeated  by  placing 
the  coloured  discs  in  the  stereoscope,  but  they  have  been  most 
usually  made  by  looking  at  a  white  object  through  dilferently 
coloured  glasses,  one  applied  to  each  eye. 

In  some  authors  we  find  it  stated,  contrary  to  fact,  that  if 
similar  objects  of  different  colour  be  presented  one  to  each  eye, 
the  appearance  vtlW  be  that  compounded  of  the  two  colours. 
Dr.  Reid*  and  Janin  are  among  the^Titers  who  have  fallen  into 
this  error. 

*  Enquiry,  Sect,  xiii.' 
S2 
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§  15. 

No  question  relating  to  vision  has  been  so  much  debated  as 
tlie  cause  of  the  single  appearance  of  objects  seen  by  both  eyes. 
I  shall  in  the  present  section  give  a  slight  review  of  the  various 
theories  which  have  been  advanced  by  philosophers  to  account 
for  this  phicnomcnon,  in  order  that  the  remarks  I  have  to  make 
in  the  succeeding  section  may  be  properly  understood. 

The  law  of  visible  direction  for  monocular  vision  has  been 
variously  stated  by  dift'orent  optical  writers.  Some  have  main- 
tained with  Drs.  Reid  and  Porterficld,  that  every  external  point 
is  seen  in  the  direction  of  a  line  passing  from  its  picture  on  the 
retina  through  the  centre  of  the  eye;  while  others  have  sup- 
posed with  Dr.  Smith  that  the  visible  direction  of  an  object 
coincides  with  the  visual  ray,  or  the  principal  ray  of  the  pencil 
which  flows  from  it  to  the  eye.  D'Alembert,  furnished  with 
imperfect  data  respecting  the  refractive  densities  of  the  humours 
of  the  eye,  calculated  that  the  apparent  magnitudes  of  objects 
would  differ  widely  on  the  two  suppositions,  and  concluded  that 
the  visible  point  of  an  object  was  not  seen  in  cither  of  these  di- 
rections, but  sensibly  in  the  direction  of  a  line  joining  the  point 
itself  and  its  image  on  the  retina ;  but  he  acknowledged  that  he 
could  assign  no  reason  for  this  law.  Sir  David  Brewster,  pro- 
vided with  more  accurate  data,  has  shown  that  these  three  lines 
so  nearly  coincide  v»"ith  each  other,  that  "  at  an  inclination  of 
30^,  a  line  perpendicular  to  the  point  of  impression  on  the  retina 
passes  through  the  common  centre,  and  does  not  deviate  from 
the  real  line  of  visible  direction  more  than  half  a  degree,  a  quan- 
tity too  small  to  interfere  with  the  purposes  of  vision."  We 
may,  therefore,  assume  in  all  our  future  reasonings  the  truth  of 
the  following  definition  given  by  this  eminent  philosopher  : — "As 
the  interior  eye-ball  is  as  nearly  as  possible  a  ])erfect  sphere,  lines 
perpendicular  to  the  surface  of  the  retina  must  all  pass  through 
one  single  point,  namely  the  centre  of  its  spherical  surface.  This 
one  point  may  be  called  the  centre  of  visible  direction,  because 
every  i)oint  of  a  visible  object  will  be  seen  in  the  direction  of  a 
line  drawn  from  this  centre  to  the  visible  point." 

It  is  obvious,  that  the  result  of  any  attempt  to  explain  the 
single  a])pearance  of  objects  to  both  eyes,  or,  in  other  words,  the 
law  of  visible  position  for  binocular  vision,  ought  to  contain 
nothing  inconsistent  with  the  law  of  visible  direction  for  mono- 
cular vision. 

It  was  the  opinion  of  Aguilonius,  that  all  objects  seen  at  the 
same  glance  with  both  eyes  appear  to  be  in  the  plane  of  the  ho- 
ropter. The  horopter  he  defines  to  be  a  line  drawn  through  the 
point  of  intersection  of  the  OT)tic  axes,  and  parallel  to  the  line 


Prof.  Wheatstonc  on  the  Physiulogij  of  Vision.         261 

joining  the  centres  of  the  two  eyes ;  the  plane  of  the  horopter 
to  be  a  plane  passing  through  this  line  at  right  angles  to  that 
of  the  optic  axes.  All  objects  which  are  in  this  plane^  must, 
according  to  him,  appear  single  because  the  lines  of  direction  in 
which  any  point  of  an  object  is  seen  coincide  only  in  this  plane 
and  nowhere  else ;  and  as  these  lines  can  meet  each  other  only 
in  one  point,  it  follows  from  the  hypothesis,  that  all  objects  not 
in  the  plane  of  the  horopter  must  appear  double,  because  their 
lines  of  direction  intersect  each  other,  either  before  or  after  they 
pass  through  it.  This  opinion  was  also  maintained  by  Dechales 
and  Porterfield.  That  it  is  erroneous,  I  have  given,  I  think, 
sufficient  proof,  in  showing  that,  when  the  optic  axes  converge 
to  any  point,  objects  before  or  beyond  the  plane  of  the  horopter 
are  under  certain  circumstances  equally  seen  single  as  those  in 
that  plane. 

Dr.  Wells^s  "  new  theory  of  visible  direction  "  was  a  modifi- 
cation of  the  preceding  hypothesis.  This  acute  writer  held  with 
Aguilonius,  that  objects  are  seen  single  only  when  they  are  in 
the  plane  of  the  horopter,  and  consequently  that  they  appear 
double  when  they  are  either  before  or  beyond  it;  l}ut  he  at- 
tempted to  make  this  single  appearance  of  objects  only  in  the 
plane  of  the  horopter  to  depend  on  other  principles,  from  which 
he  deduced,  contrary  to  Aguilonius,  that  the  objects  which  are 
doubled  do  not  appear  in  the  plane  of  the  horopter,  but  in  other 
places  which  are  determined  by  these  principles.  Dr.  Wells  was 
led  to  his  new  theory  by  a  fact  which  he  accidentally  observed, 
and  which  he  could  not  reconcile  with  any  existing  theory  of 
visible  direction;  this  fact  had,  though  he  was  unaware  of  it, 
been  previousl)'^  noticed  by  Dr.  Smith  ;  it  is  already  mentioned 
in  §  8,  and  is  the  only  other  instance  of  binocular  vision  of  relief 
which  I  have  found  recorded  previous  to  my  own  investigations. 
So  little  does  Dr.  Wells's  theory  appear  to  have  been  imderstood, 
that  no  subsequent  writer  has  attempted  either  to  confirm  or 
disprove  his  opinions.  It  would  be  useless  here  to  discuss  the 
principles  of  this  theory,  which  was  framed  to  account  for  an 
anomalous  individual  fact,  since  it  is  inconsistent  with  the  gene- 
ral rules  on  which  that  fact  has  been  now  shown  to  depend. 
Notwithstanding  these  erroneous  views,  the  "  essay  upon  single 
vision  with  two  eyes  "  contains  many  vahiable  experiments  and 
remarks,  the  truth  of  which  are  independent  of  the  theory  they 
were  intended  to  illustrate. 

The  theory  which  has  obtained  greatest  currency  is  that  which 
assumes  that  an  object  is  seen  single  because  its  pictures  fall  on 
corresponding  points  of  the  two  retinse,  that  is  on  points  which 
are  similarly  situated  with  respect  to  the  two  centres  both  in 
distance  and  position.     This  theory  supposes  that  the  pictures 
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projected  on  the  retiu?e  are  exactly  similar  to  each  other,  corre- 
sponding ])oints  of  the  two  pictures  falling  on  corresponding 
points  of  the  two  retina?.  Authors  who  agree  with  regard  to 
this  property,  differ  widely  in  explaining  why  objects  are  seen  in 
the  same  jjiace,  or  single,  according  to  this  law.  Dr.  Smith 
makes  it  to  depend  entirely  on  custom,  and  explains  why  the 
eyes  are  habitually  directed  towards  an  object  so  that  its  pictures 
fall  on  corresponding  parts  in  the  following  manner  : — "  When 
we  view  an  object  steadily,  we  have  acquired  a  habit  of  directing 
the  optic  axes  to  the  point  in  view ;  because  its  pictures  falling 
upon  the  middle  points  of  the  retinas,  are  then  distincterthan  if 
they  fell  upon  any  other  places ;  and  since  the  pictures  of  the 
whole  object  are  equal  to  one  another,  and  are  both  inverted 
with  respect  to  the  optic  axes,  it  follows  that  the  pictures  of  any 
collateral  point  are  painted  npon  corresponding  points  of  the 
retinas.^' 

Dr.  Reid,  after  a  long  dissertation  on  the  subject,  concludes, 
"  that  by  an  original  property  of  human  eyes,  objects  painted 
upon  the  centres  of  the  two  retinse,  or  upon  points  similarly 
situated  with  regard  to  the  centres,  appear  in  the  same  visible 
place  ;  that  the  most  plausible  attempts  to  account  for  this  pi-o- 
perty  of  the  eyes  have  been  unsuccessfvd  ;  and  therefore,  that  it 
must  be  either  a  primary  law  of  our  constitution,  or  the  conse- 
quence of  some  more  general  law  which  is  not  yet  discovered." 

Other  writers  who  have  admitted  this  principle  have  regarded 
it  as  arising  from  anatomical  structure  and  dependent  on  con- 
nexion of  nervous  fibres ;  among  these  stand  the  names  of  Galen, 
Dr.  Briggs,  Sir  Isaac  Newton,  Rohault,  Dr.  Hartley,  Dr.  Wol- 
laston  and  Professor  ]\liiller. 

Many  of  the  supporters  of  the  theory  of  corresponding  points 
have  thought,  or  rather  have  admitted,  without  thinking,  that  it 
was  not  inconsistent  with  the  law  of  Aguilonins  ;  but  very  little 
reflection  will  show  that  both  cannot  be  maintained  together ; 
for  corresponding  lines  of  visible  direction,  that  is,  lines  termi- 
nating in  corresponding  points  of  the  two  retinae,  cannot  all  at 
the  same  time  meet  in  the  plane  of  the  horopter  unless  the  optic 
axes  be  parallel,  and  the  plane  be  at  an  infinite  distance  before  the 
eyes.  Some  of  the  modern  German  writers*  have  inquired  what 
is  the  curve  in  which  objects  appear  single  while  the  optic  axes 
are  directed  to  a  given  point,  on  the  hj^jjothesis  that  objects  ai-e 
seen  single  only  when  they  fall  on  corresponding  points  of  the 
two  retinre.  An  elegant  pro]iosition  has  resulted  from  their  inves- 
tigations, which  I  shall  need  no  apologj'  for  introducing  in  this 
place,  since  it  has  not  yet  been  mentioned  in  any  English  work. 

*  Tortual,  die  Simie  des  Meuschen.  Miinster,  182/.  Bartels,  BeitragQ 
zur  Fhysioloyie  dsr  Gesichtssines.    Berlin,  1834. 
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R  and  L  (fig.  26)  are  the  two  eyes ;  CA,  C'A  the  optic  axes 
converging  to  the  point  A ;  and  CABC  is  a  circle  drawn  through 
the  point  of  convergence  A  and  the  centres  of  visible  direction 
CC.  If  any  point  be  taken  in  the  circumference  of  this  circle, 
and  lines  be  drawn  from  it  through  the  centres  of  the  two  eyes 
CO',  these  lines  will  fall  on  corresponding  points  of  the  two 
retin?e  DD' ;  for  the  angles  ACB,  AC'B  being  equal,  the  angles 
DCE,  DC'E  are  also  equal ;  therefore  any  point  placed  in  the 
circumference  of  the  circle  CABC  w  ill,  according  to  the  hypo- 
thesis, appear  single  while  the  optic  axes  are  directed  to  A,  or 
to  any  other  point  in  it. 

I  will  mention  two  other  properties  of  this  binocular  circle : 
1st.  The  arc  subtended  by  two  points  on  its  circumference  con- 
tains double  the  number  of  degrees  of  the  arc  subtended  by  the 
pictures  of  these  points  on  either  retina,  so  that  objects  which 
occupy  180^  of  the  supposed  circle  of  single  vision  are  painted 
on  a  portion  of  the  retina  extended  over  90°  only ;  for  the  angle 
BCE  or  DC'E  being  at  the  centre,  and  the  angle  BCA  or  BC'A 
at  the  circumference  of  a  circle,  this  consequence  follows.  2ndly. 
To  whatever  point  of  the  cu'cumference  of  the  circle  the  optic 
axes  be  made  to  converge,  they  will  form  the  same  angle  with 
each  other ;  for  the  angles  CAC'  CBC  are  equal. 

In  the  eye  itself,  the  centre  of  visible  direction,  or  the  point 
at  which  the  principal  rays  cross  each  other,  is,  according  to  Dr. 
Young  and  other  eminent  optical  writers,  at  the  same  time  the 
centre  of  the  spherical  surface  of  the  retina,  and  that  of  the  lesser 
spherical  surface  of  the  cornea ;  in  the  diagram  (tig.  26),  to  sim- 
plif^'  the  consideration  of  the  problem,  R  and  L  represent  only 
the  circle  of  curvature  of  the  bottom  of  the  retina,  but  the  rea- 
soning is  equally  true  in  both  cases. 

The  same  reasons,  founded  on  the  experiments  in  this  memoir,  \\ 
which  disprove  the  theory  of  Aguilouius,  induce  me  to  reject  the  1 1 
law  of  corresponding  points  as  an  accurate  expression  of  the  phse-  /  / 
nomena  of  single  vision.     According  to  the  former,  objects  can 
appear  single  only  in  the  plane  of  the  horopter ;  according  to  the 
latter,  only  when  they  are  in  the  circle  of  single  vision ;  both 
positions  are  inconsistent  with  the  binocular  vision  of  objects  in 
relief,  the  points  of  which  they  consist  appearing  single  though 
they  are  at  different  distances  before  the  eyes.     I  have  already 
proved  that  the  assumption  made  by  all  the  maintainers  of  the 
theory  of  corresponding  points,  namely  that  the  two  pictures 
projected  by  any  object  on  the  retinae  are  exactly  similar,  is  quite 
contrary  to  fact  in  every  case  except  that  in  which  the  optic  axes, 
are  parallel. 

Gasseudus,  Porta,  Tacquet  aud  Gall  maintained;  that  we  see 
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with  only  oue  eye  at  a  time  though  both  remain  open,  one  accord- 
ing to  them  being  relaxed  and  inattentive  to  objects  while  the 
other  is  upon  the  sstretch.  It  is  a  sufficient  refutation  of  this 
hypothesis,  that  we  see  an  object  double  when  one  of  the  optic 
axes  is  displaced  either  by  squinting  or  by  pressure  on  the  eye- 
ball with  the  finger ;  if  we  saw  with  only  one  eye,  one  object 
only  should  under  such  circumstances  be  seen.  Again,  in  many 
cases  which  I  have  ah*eady  ex])lained,  the  simultaneous  affection 
of  the  two  rctinre  excites  a  different  idea  in  the  mind  to  that 
consequent  on  either  of  the  single  impressions,  the  latter  giving 
rise  to  the  idea  of  a  representation  on  a  plane  surface,  the  former 
to  that  of  an  object  in  relief;  these  things  could  not  occur  did 
we  see  with  only  one  eye  at  a  time. 

Du  Tour*  held  that  though  we  might  occasionally  see  at  the 
same  time  with  both  eyes,  yet  the  mind  cannot  be  affected  simul- 
taneously by  two  corresponding  points  of  the  two  images.  He 
was  led  to  this  opinion  by  the  curious  facts  alluded  to  in  §  14. 
It  would  be  difficult  to  disprove  this  conjecture  by  experiment ; 
but  all  that  the  experiments  adduced  in  its  favour,  and  others 
relating  to  the  disappearance  of  objects  to  one  eye  really  proves, 
is,  that  the  mind  is  inattentive  to  impi'essions  made  on  one 
retina  when  it  cannot  combine  the  impressions  on  the  two 
retinffi  together  so  as  to  occasion  a  perception  resembling  that 
of  some  external  object ;  but  they  afford  no  ground  whatever 
for  supposing  that  the  mind  cannot  under  any  circumstances 
attend  to  impressions  made  simultaneously  on  points  of  the  two 
retinre,  when  they  harmonize  with  each  other  in  suggesting  to 
the  mind  the  same  idea. 

A  perfectly  original  theory  has  been  recently  advanced  by 
M.  Lehott,  "who  has  endeavoured  to  prove,  that  instead  of  pic- 
tures on  the  retinre,  images  of  three  dimensions  are  formed  in 
the  vitreous  humour  which  we  ])crceive  by  means  of  nervous 
filaments  extended  thence  from  the  retina.  This  theory  would 
account  for  the  single  appearance  to  both  eyes  of  objects  in  re- 
lief, but  it  would  be  quite  insufficient  to  explain  why  we  per- 
ceive an  object  of  three  dimensions  when  two  pictures  of  it  are 
presented  to  the  eyes ;  according  to  it,  also,  no  difference  should 
be  perceived  in  the  relief  of  objects  when  seen  by  one  or  both 
eyes,  which  is  contrary  to  what  really  hajipens.  The  jjroofs, 
besides,  that  we  perceive  external  objects  by  means  of  pictures 
on  the  retin;c  are  so  numerous  and  convincing,  that  a  con- 
trary conjecture  cannot  be  entertained  for  a  moment.  On  this 
account  it  will   suffice  merely  to  mention  two  other  theories. 

*  Act.  Par.  17-13.  M.  p.  334. 

t  Nouvelle  Theorie  de  la  Vision,  Par.  1823. 
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Vallee  *,  without  denying  the  existence  of  pictures  on  the  retina, 
has  advocated  that  we  perceive  the  rehef  of  objects  by  means  of 
anterior  foci  on  the  hyaloid  membrane ;  and  Raspail  f  has  deve- 
loped at  considerable  length  the  strange  hypothesis,  that  images 
are  not  painted  on  the  retina,  but  are  immediately  perceived  at 
the  focus  of  the  lenticular  system  of  which  the  eye  is  formed. 

§16. 

It  now  remains  to  examine  ichy  two  dissimilar  pictures  pro- 
jected on  the  two  retinae  give  rise  to  the  perception  of  an  object 
in  relief.  I  will  not  attempt  at  present  to  give  the  complete 
solution  of  this  question,  which  is  far  from  being  so  easy  as  at  a 
lirst  glance  it  may  appear  to  be,  and  is  indeed  one  of  great  com- 
plexity. I  shall  in  this  place  merely  consider  the  most  obvious 
explanation  which  might  be  offered,  and  show  its  insufficiency  to 
ex-])lain  the  whole  of  the  phpenomena. 

It  may  be  supposed,  that  we  see  but  one  point  of  an  object 
distinctly  at  the  same  instant,  the  one  namely  to  which  the 
ojjtic  axes  are  directed,  while  all  other  points  are  seen  so  indi- 
stinctly, that  the  mind  does  not  recognise  them  to  be  either 
single  or  double,  and  that  the  figure  is  appreciated  by  success- 
ively directing  the  point  of  convergence  of  the  optic  axes  success- 
ively to  a  sufficient  number  of  its  points  to  enable  us  to  judge 
accurately  of  its  form. 

That  there  is  a  degree  of  indistinctness  in  those  parts  of  the 
field  of  view  to  which  the  eyes  are  not  immediately  directed,  and 
which  increases  with  the  distance  fi'om  that  point,  cannot  be 
doubted,  and  it  is  also  true  that  the  objects  thus  obscurely  seen 
are  frequently  doubled.  It  may  be  said,  this  indistinctness  and 
duplicity  is  not  attended  to,  because  the  eyes  shifting  continually 
from  point  to  point,  every  part  of  the  object  is  successively  ren- 
dered distinct;  and  the  perception  of  the  object  is  not  the  con- 
sequence of  a  single  glance,  during  v/hich  only  a  small  part  of  it 
is  seen  distinctly,  but  is  formed  from  a  comparison  of  all  the 
pictures  successively  seen  while  the  eyes  are  changing  from  one 
point  of  the  object  to  another. 

All  this  is  in  some  degree  true ;  but  were  it  entirely  so,  no 
appearance  of  relief  should  present  itself  when  the  eyes  remain 
intently  fixed  on  one  point  of  a  binocular  image  in  the  stereo- 
scope. But  on  performing  the  experiment  carefully,  it  will  be 
found,  provided  the  pictures  do  not  extend  too  far  beyond  the 

*  Traite  de  la  Science  du  Dessin,  Par.  1821,  p.  270. 
t  Nouveau  Systems  de  Ckimie  Organique,  t.  2.  p.  329. 
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centres  of  distinct  vision,  that  the  image  is  still  seen  single  and 
in  relief  when  this  condition  is  fulfilled.  Were  the  theory  of 
corresponding  points  true,  the  appearance  should  be  that  of  the 
superposition  of  the  two  drawings,  to  which  however  it  has  not 
tlie  slightest  similitude.  The  following  experiment  is  equally 
decisive  against  this  theory. 

Draw  two  lines  inclined  towards  each  other,  as  in  Plate  VIII. 
fig.  10,  on  a  sheet  of  paper,  and  having  caused  them  to  coincide  by 
converging  the  optic  axes  to  a  ])oint  nearer  than  the  paper,  look 
intently  on  the  upper  cud  of  the  resultant  line,  without  allowing 
the  eyes  to  wander  from  it  for  a  moment.  The  entire  line  will 
appear  single  and  in  its  proper  relief,  and  a  pin  or  a  piece  of 
straight  wire  may  without  the  least  difficulty  be  made  to  coin- 
cide exactly  in  position  with  it ;  or,  if  while  the  optic  axes  con- 
tinue to  be  directed  to  the  upper  and  nearer  end,  the  point  of  a 
pin  be  made  to  coincide  with  the  lower  and  further  end  or  with 
any  intermediate  point  of  the  resultant  line,  the  coincidence  will 
remain  exactly  the  same  when  the  optic  axes  are  moved  and  meet 
there.  The  eyes  sometimes  become  fatigued,  which  causes  the 
line  to  appear  double  at  those  parts  to  which  the  optic  axes  are 
not  fixed,  but  in  such  case  all  appearance  of  relief  vanishes. 
The  same  experiment  may  be  tried  with  more  complex  figures,  but 
the  pictures  should  not  extend  too  far  beyond  the  centres  of  the 
retinae. 

Another  and  a  beautiful  proof  that  the  appearance  of  rehef  in 
binocular  vision  is  an  effect  independent  of  the  motions  of  the 
eyes,  may  be  obtained  by  impressing  on  the  retinse  ocular  spec- 
tra of  the  component  figures.  For  this  purpose  the  drawings 
should  be  formed  of  broad  coloured  lines  on  a  ground  of  the 
complementary  colour,  for  instance  red  lines  on  a  green  ground, 
and  be  viewed  either  in  the  stereoscope  or  in  the  apparatus,  fig.  6, 
as  the  ordinary  figures  are,  taking  care  however  to  fix  the  eyes 
only  to  a  single  point  of  the  compound  figure;  the  drawings 
must  be  strongly  illuminated,  and  after  a  sufficient  time  has 
elapsed  to  impress  the  spectra  on  the  retina?,  the  eyes  must  be 
carefully  covered  to  exclude  all  external  light.  A  spectrum  of 
the  objcet  in  relief  will  then  appear  before  the  closed  eyes.  It 
is  well  known,  that  a  spectrum  impressed  on  a  single  eye  and 
seen  in  the  dark,  frequently  alternately  appears  and  disappears : 
these  alternations  do  not  correspond  in  the  spectra  impressed 
on  the  two  retinse,  and  hence  a  curious  effect  arises ;  sometimes 
the  right  eye  ■  spectrum  will  be  seen  alone,  sometimes  that  of 
the  left  eye,  and  at  those  moments  when  the  two  appear  to- 
gether, the  binocular  spectrum  w  ill  })resent  itself  in  bold  relief. 
As  in  this  case  the  pictures  cannot  shift  their  places  on  the 
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retinee  in  whatever  manner  the  eyes  be  moved  about,  the  optic 
axes  can  during  the  experiment  only  correspond  with  a  single 
point  of  each. 

When  an  object,  or  a  part  of  an  object,  thus  appears  in  relief 
while  the  optic  axes  are  directed  to  a  single  binocular  point,  it 
is  easy  to  see  that  each  point  of  the  figure  that  appears  single  is  j 
seen  at  the  intersection  of  the  two  lines  of  visible  direction  in  ' 
which  it  is  seen  by  each  eye  separately,  whether  these  lines  of 
visible  direction  terminate  at  corresponding  points  of  the  two 
retinae  or  not. 

But  if  we  were  to  infer  the  converse  of  this,  viz.  that  every 
point  of  an  object  in  relief  is  seen  by  a  single  glance  at  the  inter- 
section of  the  lines  of  visible  direction  in  which  it  is  seen  by  each 
eye  singly,  we  should  be  in  error.  On  this  supposition,  objects 
before  or  beyond  the  intersection  of  the  optic  axes  should  never 
appear  double,  and  we  have  abundant  evidence  that  they  do. 
The  determination  of  the  points  v/hich  shall  appear  single  seems 
to  depend  in  no  small  degree  on  previous  knowledge  of  the  form 
we  are  regarding.  No  doubt,  some  law  or  rule  of  vision  may  be 
discovered  which  shall  include  all  the  circumstances  under  which 
single  vision  by  means  of  non-corresponding  points  occurs  and 
is  limited.  I  have  made  numerous  experiments  for  the  purpose 
of  attaining  this  end,  and  have  ascertained  some  of  the  con- 
ditions on  which  single  and  double  vision  depend,  the  conside- 
ration of  which  however  must  at  present  be  deferred. 

Sufficient,  how  ever,  has  been  shown  to  prove  that  the  laws  of 
binocular  visible  position  hitherto  laid  down  are  too  restricted 
to  be  true.     The  law  of  Aguilonius  assumes  that  objects  in  the 
plane  of  the  horopter  are  alone  seen  single ;  and  the  law  of  cor- 
responding points  carried  to  its  necessary  consequences,  though  \ 
these  consequences  were  imforeseen  by  its  first  advocates,  many  ' 
of  whom  thought  that  it  was  consistent  with  the  law  of  Aguilo- 
nius, leads  to  the  conclusion,  that  no  object  appears  single  un- 
less it  is  seen  in  a  circle  passing  through  the  centres  of  visible  \ 
direction  in  each  eye  and  the  point  of  convergence  of  the  optic    ' 
axes.     Both  of  these  are  inconsistent  with  the  single  vision  of 
objects  whose  points  lie  out  of  the  plane  in  one  case  and  the 
circle  in  the  oth.r;  and  that,  objects  do  appear  single  under  cir-  . 
cumstances  that  cannot  be  explained  by  these  laws,  has,  I  think, 
been  placed  beyond  do^^bt  by  the  experiments  I  have  brought 
forward.     Should  it  be  hereafter  proved,  that  all  points  in  the 
plane  or  in  the  circle  above  mentioned  are  seen  single,  and  from 
the  great  indistinctness  of  lateral  images  it  will  be  difficult  to 
give  this  proof,  the  law  must  be  qualified  by  the  admission,  that 
points  out  of  them  do  not  always  appear  double,  ^' 


XXXVII.   On  the  Expansion  of  some  Solid  Bodies  hy  Hedt.^ '' 
By  Hermann  Kopp*. 

THE  method  of  experiment  adopted  by  Professor  Kopp  in 
his  hiborious  and  vahiablc  investigation  is  to  ascertain  the 
specific  gravities  of  a  body  uhen  immersed  iu  fluids  of  various 
temj)craturcs,  and  tlience,  by  means  of  the  known  expansion  of 
the  Huid,  to  determine  the  cubic  expansion  of  the  body.  A  flask 
was  taken  furnished  witli  a  carefidly  ground  glass  stopper ;  and 
the  first  point  to  be  ascertained  was,  ''  What  Aveight  of  water, 
freed  from  air,  and  at  different  temperatures,  w^as  the  flask  able 
to  contain  ?"  For  low  temperatures,  the  flask  and  its  contained 
water  were  placed  in  a  large  vessel  filled  with  the  same  fluid, 
the  temperature  of  which  was  shown  by  two  thermometers  im- 
mersed in  it.  AMien  it  was  certain  that  the  flask  had  assumed 
the  temperature  of  the  surrounding  water,  the  stopper  (which 
was  preserved  at  the  same  temperature)  was  set  on,  the  flask 
dried,  and  then  carefully  weighed.  For  temperatures  of  40°  or 
50°  C,  the  flask  was  immersed  in  a  large  beaker  filled  with 
water,  which  again  was  immersed  in  a  second  larger  beaker, 
also  full  of  water;  the  latter  was  heated,  and  after  some  time 
the  water  surrounding  the  flask  acquired  a  uniform  tempera- 
ture of  the  required  height;  the  glass  stopper,  which  up  to 
this  time  had  been  preserved  in  water  of  the  same  temperature, 
was  now^  set  on,  the  flask  removed,  dried,  and  weighed  as  before. 
"When  the  quantity  of  boiling  water  held  by  the  flask  was  to  be 
ascertained,  the  latter  was  properly  fixed  in  the  neck  of  a  large 
bolt-head,  in  which  a  quantity  of  water  was  kept  violently  boiling. 
The  flask  was  here  surrounded  by  steam,  and  precautions  were 
taken  to  prevent  any  inconvenient  loss  of  heat  by  radiation  or  by 
contact  with  the  sruTounding  aii\ 

Having  ascertained  the  amount  of  water  embraced  by  the  flask 
at  numerous  temperatures,  a  proceeding  exactly  similar  was  fol- 
lowed to  ascertain  the  specific  gravity  of  the  substance.  The 
flask  with  the  substance  alone  was  first  weighed ;  the  flask  was 
then  filled  with  water,  the  air  completely  expelled  by  boiling, 
and  then  the  weight  of  the  known  quantity  of  solid  substance, 
plus  the  weight  of  the  water  necessary  to  fill  the  flask  at  various 
temperatures,  was  ascertained. 

Suppose  the  weight  of  the  flask  of  water  at  the  temperatm'e 
i^  to  be  Vs ,  the  weight  of  the  solid  substance  to  be  examined  to 
be  P,  and  the  weight  of  the  water  and  substance  which  together 
filled  the  flask  at  i^  to  be  S,  then  we  have 

^_=D 

W-(S-P)        '' 

*  Ann.  der  Chem.  und  Pharm.,  vol.  Lxxxi.  No.  1.  p.  1-67. 
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where  D^  expresses  the  specific  gravity  of  the  substance  refeiTed 

to  water  of  the  temperature  i^  as  unit.    Further,  is  ^  =DQ=the 

specific  graAaty  of  the  sohd  substance  at  t^  referred  to  water  at 
0^  as  unit,  where  V^  expresses  the  vohime  which  1  volume  of  water 
at  0°  assumes  on  being  heated  to  i^. 

Supposing  that  for  two  temperatures  t  and  f,  the  former  of 
which  is  lower  than  the  latter,  the  specific  gravities  Dq  and  Dq' 
respectively  be  found,  then  is  the  cubic  expansion  of  the  body 


t'-t'\\)'        ) 


The  expansion  of  Avater  by  heat  was  made  the  subject  of  spe- 
cial inquiry,  and  numerous  substances  were  examined  whose 
linear  expansion  had  been  determined  by  other  methods  and 
other  men ;  the  agreement  between  M.  Kopp^s  results  and  those 
already  determined  furnishes  a  proof  that  the  method  piu'sued 
and  the  precautions  taken  may  be  relied  on. 

We  here  transcribe  a  tabular  statement  of  ]\I.  Kopp's  results, 
premising  that  each  is  the  mean  of  several  experiments  : — 

Cubic  expan-    Determined 


Substance. 

Formula. 

sion  for  1°. 

by  means  of 

Copper  .     .     .     . 

Cu 

0-000051 

Water 

Lead      .     .     .     . 

,  Pb 

0-000089 

Water 

Tin 

,  Sn 

0-000069 

Water 

Iron       .     .     .     . 

,  Fe 

0-000037 

Mercmy 

Zinc       .     .     .     . 

,  Zn 

0-000089 

Water 

Cadmium   .     .     . 

Cd 

0-000094 

Water 

Bismuth 

Bi 

0-000040 

Water 

Antimony  . 

Sb 

0-000033 

Water 

Sulphur      .     .     . 

S 

0-000183 

"Water 

Galena  .     .     .     . 

PbS 

0-000068 

AVater 

Zmc  blende     .     . 

ZnS 

0000036 

"^A^ater 

Iron  p}Tites     .     . 

FeS^ 

0000034 

Water 

Rutile    .     .     .     . 

Ti02 

0-000032 

Water 

Oxide  of  tin     .     . 

SnO^ 

0-000016 

AYater 

Oxide  of  iron  .     . 

Fe^O^ 

0-000040 

Water 

jMagnetic  ore  .     . 

Fe^O^     - 

0-000029 

Water 

Fluor  spar .     . 

CaFl 

0-000062 

Water 

Arragonite       .     . 

CaO,  CO^ 

0-000065 

AVater 

Calcareous  spar    . 

CaO,CO^ 

0-000018 

"^A'ater 

Bitter  spar      .     . 

CaO,C02  +  M-0,CO 

-    0-000035 

Water 

Carbonate  of  iron 

Fe  (Mn,  M-)  6,  CO^ 

0-000035 

"Water 

Hea\y  spar      .     . 

BaO,  SO^^  ^ 

0-000058 

"Water 

Coelestine  .     .     . 

,  SrO,S03 

0-000061 

Water 

Quax-tz  .     .     .     , 

SiQs 

rO-000042 
\0-000039 

Water 
Mercury 
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Cubic  expan-  Determined 

Substance.  Formula.  slon  for  1°.  bv  means  of 

^  ,,    , ,  /KO,  SiO«  +  A12  0^  r{)-000()26     'Water 

urtnoiilas  .     .     .   ^     3gjQ3  \0-000017     Mercuiy 

Glass,  soft  soda  glass 0000026     Water 

Glass,  soft  soda  glass,  another  kind    .     .     0-000024.     Mercury 

Glass,  hard  potash  glass 0-000021      Mercury 

Taking  every  ])ossibility  of  error  into  account,  M.  Kopp  con- 
siders that  we  may  infer  with  certainty  from  the  preceding  num- 
bers, that  the  expansion  of  solid  siibstances  is  by  no  means 
determined  by  their  chemical  nature.  The  difference  between 
the  coefficients  of  expansion  for  arragonite  and  calcareous  spar  is 
so  great  as  to  destroy  all  hope  of  establishing  any  relation  of  the 
kind.  Neither  does  the  expansion  appear  to  depend  altogether 
on  the  arrangement  of  the  atoms ;  for  although  bitter  spar  and 
carbonate  of  iron  agree,  and  heavy  spar  differs  but  little  from 
coelestine,  in  the  cases  of  carbonate  of  iron  and  carbonate  of  lime, 
and  of  rutile  and  oxide  of  tin,  no  such  agreement  exists.  The 
table  further  shows  that  there  are  many  non-metallic  substances 
which  expand  as  much  under  the  action  of  heat  as  the  metals 
themselves. 


XXXYIII.  On  the  Classification  of  the  Silicates  and  their  allied 
Compounds.  By  Edward  J.  Chapiman,  Professor  of  Mine- 
ralogy in  University  College,  London^. 

N  the  present  state  of  chemical  and  mineralogical  knowledge, 
two  distinct  classifications  of  minerals  seem  to  be  necessary ; 
the  one,  strictly  chemical,  having  regard  solely  to  the  actual 
composition  of  the  substance,  and  being  independent,  conse- 
quently, of  all  deductions  based  upon  isomorphism  or  other  mo- 
difying causes ;  and  the  other,  a  chemico-physical  distribution, 
founded  upon  a  careful  study  and  interpretation  of  the  entn*e 
nature  of  the  mineral  in  all  its  bearings.  The  first  shows  us 
what  a  mineral  really  is  in  its  relations  to  existing  chemistry,  but 
only  in  these  relations ;  being  unable,  on  the  one  hand,  amongst 
other  apparent  contradictions,  to  define  and  separate  isomero- 
hcteromoi'iihous  bodies ;  and  forced,  on  the  other  hand,  to  forego 
natural  analogies,  in  the  separation  of  substances  evidently  akin 
to  one  another.  A  classification  of  this  kind  is,  nevertheless, 
necessary :  first,  as  a  classification  of  convenience  in  a  chemical 
and  oeconomical  point  of  view ;  and  secondly,  as  a  check  upon 
the  too  hasty  generalizations  to  which  the  chemico-physical 
system  naturally  gives  rise. 

In  the  following  classification  I  have  attempted  to  develope  a 
chemico-physical  distribution  of  the   silicates  and   their  allied 

*  Commimicated  bv  the  Author. 
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compounds ;  these  latter  being  the  sesquioxides  generally,  and 
the  so-called  metallic  acids.  This  union  has  not  been  adopted 
from  any  preconceived  views,  but  has  been  forced  upon  me  in 
the  com-se  of  these  investigations.  The  minerals  of  the  above 
series  are,  in  fact,  so  linked  together,  that  it  is  frequently  impos- 
sible to  separate  them  without  breaking  through  self-evident 
analogies.  I  am  willing  to  allow  that,  in  places,  I  may  have 
gone  too  far ;  but  in  a  system  like  that  employed,  much  is  ne- 
cessarily left  to  the  judgement ;  and  if  the  entire  subject  be  care- 
fully reviewed,  I  think  it  will  be  admitted  that  the  present  essay 
has  upon  the  whole  an  opposite  tendency.  Several  of  the  pro- 
posed types,  for  instance,  might  upon  certain  grounds  have  been 
united;  but  they  have  been  kept  separate,  partly  in  deference 
perhaps  to  almost  irradicable  prejudices,  which  bias  one^s  opinion 
even  against  the  will,  and  partly  as  a  matter  of  convenience.  It 
is  to  be  remarked,  however,  that  the  present  an-angement  is 
merely  offered  as  a  provisional  one ;  and  that,  from  the  difficul- 
ties with  which  the  subject  is  beset,  it  is  easier  to  point  out  im- 
perfections than  to  remedy  them. 

Minerals  of  the  Silica,  Alumina,  and  Metallic  Acid 
Series. 

Braunite  Type  : — Dimefric. 
Braunite,  Mn-  0^. 

Corundum  Type : — Hexagonal. 

1.  Corundum  sub-type. — Ervsiderite,  Fe'^0^  (Appendix,  hv- 
drosiderite,  Ye^O^  +  xR-O) ;  ilmenite  (Fe^O^,  Ti^O^);  corundum, 
AP03  (App.  hydrargillite). 

2.  Quart::  sub-ti/pe. — Quartz,  SiO^  (-^PP-  opal);  phenakite, 
Be^O^,  SiO^;  beiyl  (Be^O^  APO^),  2Si03. 

StauroUte  Type  : —  Trimetric. 

Staurolite  (AFO^SiO^);  andalusite;  chrysoberyl  (Be^O^ 
Al^O^) ;  topaz  {(AFO^,  SiO^)  +  (Al^^Fl^,  SiFP)}. 

Cyanite  Type  : — Triclinic,  Monoclinic. 

Pycnite  (?)  ;  cvanite  ;  wferthite ;  sillimanite  ;  monrolite  (?) ; 
bamlite;  euclase,  4(Be--03,  Al-0^),  SSiO^. 

Spinel  Type  : — Monometric. 

General  formula  =E0,  R-0^.  Spinel;  pleonaste;  gahnite; 
frauklinite ;  chromolite ;  zophosine  (pitchblende) ;  magnetite, 
FeO,  Fe"^0^;  iserine;  garnet,  including  pyrope,  &c. ;  helvine*; 
eulytine  (?). 

In  order  to  (Economise  space,  I  have  not  cited  the  different 
*  See  the  present  volume  of  the  Philosophical  Magazine,  Art.  XXI. 
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kinds  of  garnets  (mclanite,  uwarowitc,  &c.),  altliougli  I  consider 
these  qnitc  as  much  entitled  to  the  rank  of  distinct  species,  as 
the  various  spinels  and  tlieir  allied  aluminates,  ferrites,  chro- 
mites,  &c. ;  the  theoretical  value  of  the  term  '^  species "  will, 
however,  become  obsolete  as  the  science  advances.  In  placing 
isomorphous  substances  under  one  common  type  or  sub-type, 
we  do  not  necessarily  consider  them  to  be  one  mineral,  as  some 
opponents  of  the  chemico-physical  system  have  attempted  to 
establish. 

Idocrase  Type  : — Dimetric. 

Idocrase,  3110,  SiO^  +  RSO^,  SiO^  =  r7?;  hausmannite,  MnO, 
Mn^O^^  anatase,Ti02;  fergusonite,  6(Y0,  CIO),  Ta^O^  (?). 

Cassitevite  Type : — Dimetric. 

Rutile,  Ti  0- ;  cassiteritc,  SnO"-;  zircon,  Zr-0^,  SiO^;  mala- 
con,  2(Zr203,  SiO")  +  H^O ;  oerstedite ;  azorite,  CaO,  Ta^O^  (?). 

Brookite  Type  : — Trimetric. 

Brookite,  TiO-;  polianite,  J\InO^ ;  pyrolusite,  ^InO" ;  gfethitc, 
Fe^O^  +  H-20;  mano-anitc,Mn'-^03  +  II-'O;  diaspore, Al^O^  +  H^O; 
columbite,  3(FcO,  MuO),  2(Ta-  0^  Pp-  0^,  Ni  O^) ;  yttro-tanta- 
lite  (?),  3Y0,  Ta'^O'*^ ;  tantalite  (kimitolite) ;  samarskite ;  men- 
gite ;  polymignite ;  polycrase ;  seschynite ;  ostranite  >  euxenite ; 
woehlerite  (?) ;  eucolite  (?). 

Pyrochlore  Type  : — Monometric. 

Perowskite,  CaO,  TiO^;  pyrochlore,  2R0;  Ta^O^;  micro- 
lite  (?) ;  pyi-rhite,  Zr^O^,  Ta^O^. 

Cerite  Type  : — Hexagonal. 

Cerite,  3(CeO,  RO),  SiO^  +  SIPO;  thorite,  3ThO,  SiO^ 
+  3H2  0;  eudialite,  2(3RO,  2Si03)  +  Zr-0^  2Si03;  schorla- 
mite,  FeO,  Si03  +  2Ca0,  TiO'^?;  willemite,  3ZnO,  SiO^;  diop- 
tase,  3CuO,2Si03  +  3H20  (Appendix,  chrysocolla) . 

Chrysocolla  bears  the  same  relation  to  dioptase  as  brown  iron 
ore  to  specular  iron,  and  opal  to  quartz,  amongst  other  examples. 
Eudialite  and  dioptase  are  closely  allied  in  a  crystallographic 
point  of  view.  The  two  known  rhombohedi'ons  of  eudialite  give 
for  the  relative  lengths  of  the  vertical  axis,  2"110  and  0*5279; 
whilst  the  dioptase  forms  yield  for  the  same,  1*059  and  0*530. 
If  we  consider  the  more  obtuse  forms  as  protaxial,  we  have,  for 
the  notation  of  the  above  rhombohedrous,  R  and  4R  in  eudialite, 
and  R,  2R  in  dioptase. 

Electric  Calamine  Type: — Trimetric. 
Electric  calamine,  2(3Zn0,  Si03)  +  3H^20. 
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Chrysolite  Type : — Trimetric,  MonocUnic  ?. 

Chrysolite,  3R0,  SiO^;  tephroite,  3MnO,  SiO^;  knebellite, 
3(MnO,  FeO),  SiO^;  forsterite;  huinite(?);  chondrodite,  MgFl 
+  7MgO,  2^iO^ =r^R ;  lievrite,  3(3110,  SiO^)  +  2Fe203,  SiO^ 

Epidote  Type : — MonocUnic. 

OrtLite  or  allanite,  3R0,  Si  0^  +  R-  0^  Si  0^ ;  gadolinite, 
3(Y0,  RO),  SiO^;  warwickite;  enceladite;  epidote,  3R0,  Si  0^ 
+  2(R2  03,  Si  03);  spheue,  3CaO,  3Ti  0^,  2SiO^^;  wiclityne, 
cliloritoid,  chlorite  spar,  (See  the  present  volume  of  the  Philo- 
sophical Magazine,  Art,  XXL) 

Axinite  Type: — Triclinic. 

Axinite,  3R0,  2(Si03B03)  +  2R203(Si03  BO*^) ;  danburite, 
R0,B03+4R0Si03. 

Tourmaline  Type  : — Hexagonal. 
Tourmaline. 

Augite  Type : — MonocUnic. 

Augite,  3R0,  2SiO''' ;  wollastonite,  3CaO,  2Si03;  rhodonite, 
3MnO,  2Si03;  crednerite,  3(CuO,  CaO),2Mn203;  spodumene; 
acmite,  NaO,  Si  0^  +  Fe^  0^  2Si  0^;  hornblende,  RO,  SiO^ 
+  3R0,  2Si03;  babingfconite,  3ROSiO^  +  3RO,  2SiO'^;  glau- 
cophane  (?),  3(3RO,  2SiO«)  +2(AP03,  2SiO'^), 

Spodumene  is  placed  under  this  type  on  the  authority  of  Hart- 
well  and  Dana*.  In  respect  to  crednerite,  see  the  present  volume 
of  the  Philosophical  jMagazine,  Art,  XXI.  Glauco])hane  should 
perhaps  be  placed  near  iolite. 

Muscovite  Type : — MonocUnic. 

Muscovite  (potash  mica),  3R0,  12A1203,  IGSiO^;  margaro- 
dite,  RO,  H^O,  2R203,3Si03;  margarite,  3R0, 12A1203,  SSiO^; 
lepidolite;  emerylite;  euphyllite. 

This  type  is  by  no  means  a  satisfactory  one  ;  but  so  little  is 
known  respecting  the  true  nature  of  the  micas,  that  it  seems 
advisable  at  present  to  keep  them  distinct  from  other  minerals. 
Muscovite  was  so  named  by  Dana. 

Phlogopite  Tijpe : — Trimetric. 

Phlogopite  (magnesia  mica),  9R0,  2AP03,  5Si0^;  rubellane 
(a  variety  of  phlogopite  ?) . 

*  See  the  third  edition  of  Dana's  very  able  Treatise  on  Mineralogy? 
p.  693.  I  should  confess,  however,  that  the  cleavage  form  of  spodumene 
seems  to  me  to  be  trichnic. 
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Biotite  Type : — Hexagonal. 

Biotite  (licxasonal  or  uniaxial  mica),  3R0,  R^O^,  2SiO^; 
lepidomelanc,  3110,  SR^O^  4SiO^. 

Talc  Type : — Monoclinic. 

Talc,  a^MgO,  a^SiO^ ;  agalmatolite  ;  meerschaum,  MgO,  SiO'^, 
H^O;  schillerspar,]5R0,  8SiO^  12H20;  pyrallolite  (triclinic?). 

The  minerals  of  this  type  are  evidently  allied,  as  aberrant 
members,  to  the  augite  and  hornblende  group ;  but  the  physical 
and  geological  characters  of  the  talcs  are  quite  sufficient  to  de- 
mand for  these  compounds  a  distinct  place  in  the  system.  In  a 
linear  series,  their  present  position  seems  to  be  the  most  appro- 
priate. 

Serpentine  Type  : — Trimetric  (?). 

Serpentine,  9M-0,  4Si  0^,  GH^O;  picrosmine,  GMsO,  4Si03, 
SH^O;  villarsite,^12(MgO,  FeO,  MnO),  4810^,  311^0;  mon- 
radite,  12(MgO,  FeO),  8Si  0^  3II2  0 ;  pp-osclcrite,  12R0, 
2Ar-  0^,  6Si  0"^,  9H"-  0, — vermiculitc,  chonikrite,  kammererite 
(varieties  of  pyrosclerite  ?) ;  spadaite,  5R0,  4Si  0^,  4H'^  0  ;  kero- 
lite,  G]\Ig0,  4Si03,  911^0 ;  antigorite,  4R0, 2Si0^  H'^O  ;  aphro- 
dite, 3R0, 2Si03,  2  (or  3)  H^O;  picrophvll,  3R0,  2Si03, 21120; 
dermatine,  3R0,  2SiO^  GH^O;  srymnite,  2R0,  SiO^,  3H2  0; 
hydrophite,  2R0,  Si0^  ^WO ;  pimelite,  RO,  SiO^,  H'^O. 

To  the  above  mav  be  added  the  following,  consisting  chiefly 
of  MgO  Al'O^  or  Fe'^O^,  SiO^,  and  Il'^O  in  various  proportions  : 
saponitc,  mountain  cork,  xylite  (rockwood),  pp'argillite,  groppite, 
damouritc,  rosellane  (polyargite,  &:c.),  onkosin,  metaxite,  and 
others.  Very  few  of  the  members,  however,  of  this  group,  and 
of  the  two  next  in  succession,  can  fairly  claim  a  place  in  a  mine- 
ralogical  system.  Many,  without  doubt,  are  altered  or  meta- 
morphic  products  referable  to  some  of  the  preceding  t^-jies,  or  to 
some  of  those  which  follow.  If  admitted,  therefore,  into  a  clas- 
sification of  minerals,  they  should  occupy  an  intermediate  posi- 
tion, as  in  the  present  arrangement. 

Chlorite  Type: — Hexagonal  (?). 

■  Chlorite  (leuchtenbersite),  9R0,  2R-  0=^,  4Si  0^,  9IP  0  (?) ; 
thuringitc,  9R0,  2R2  0^  4Si  0^  9H-0;  cpichlorite,  9R0, 
2R2  03,  6Si  03,  9H-'  0 ;  ripidolitc,  9R0,  3R2  0^,  4Si  0^,  91^  0 ; 
kammererite,  6R0,  R^  0^,  SSiO^,  6H-  0 ;  stilpnomelane,  GRO, 
R'^O^,  GSiO^  GII^O;  ottrelitc,  3R0,  2R^03,  4Si03,  3H20  (?) ; 
iberite,  3R0,  BAPO^,  4Si03,  3II2  0;  diphanite,  4R0,  GAPO^, 
5Si  03,  411-2  0 ;  Pennine,  3R0,  2R-  0^,  3Si  0^,  2H-  0 ;  cron- 
stedite,  3R0,  R-  0^,  Si  0^,  3IP  0  ;  xanthophyllite  (clintonite), 
4R0,  W  03,  Si03,  H^O ;    disterrite    (brandisite),   7R0,  4R203, 
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2Si  0^  2W  0 ;  sideroschisolite,  6FeO,  Si  0^  3  (or  2)  H^  0  ; 
cliamoisite;  hisingerite,  3R0,  2Fe2  03,  3Si  0^  GH^  0 ;  thrau- 
lite ;  gillingite ;  crocidolite  ;  chloropheeite  ;  carpholite,  3R0, 
3ATO3, 4SiO^  etPO  ;  pvrosmalite,  12R0,  Fe^O^,  8SiO^  GH^O 
+  Fe  3C1,  =  12R0  +  (FV  0^  Fe  Cl^  8Si  0^,  GH^  0)  =  rE,  if 
3H"0  =  lE,-203  or  iSiO^.  Appendix -.— ?yr:o]Ai^\\iie ;  antliosi- 
derite. 

Kolhjrite  Type  : — consisting  principally  of  earthy  semi-decom- 
posed minerals,  for  the  most  part  hydrated  silicates  of  alumina 
or  sesquioxide  of  iron.     The  water  is  chiefly  hygroscopic. 

Kollyrite,  scarbroite,  halloysite,  lenzinite,  allophane,  schrot- 
terite  (opal-allophane),  nontronite,  chloropal,  pinguite,  cimolite, 
lithomarge  (including  myeline,  carnatite,  &c.),  tuesite,  bole,  mal- 
thasite,  catHnite,  samoite,  razoumofFskin,  myloschin  or  Serbian, 
wolchonskoite,  chrome-ochre,  smelite,  fuUer^s  earth,  &c. 

lolite  Type : — Trimetric. 

lolite,  3R0,  2Si03  +  3(R20^Si03).  Metamoiphic  products: 
Finite  =  iolite  +  2H2  0  or  SH^O;  chlorophyllite=ioliteH-2H2  0; 
esmarkite  =  iolite  4-3H'^0;  gigantolite,  same  formula  as  esmar- 
kite ;  bonsdorffite,  fahluuite,  =  iolite  -f-  6H-  0 ;  praseolite  = 
iolite  —  SiO^  +  SFPO;  aspasiolite,  &c. 

Barsowite,  3R0,  2Si03  +  3(A12  03,  SiO^) ;  bytownite,  3R0, 
2Si03  +  3(A120^  SiO^).  The  crystallization  of  these  two  mine- 
rals is  not  yet  known.     Hermann  refers  the  latter  to  lepolite. 

Feldspar  Type  : — MonocUnic. 

Ryacolite,  (NaO  KO),  SiO^-f-APO^  SiO^;  loxoclase,  RO, 
Si03  +  AP03,  2Si03;  orthoclase  (feldspar),  KO,  SiO^  +  AFO^ 
3SiO^  petalite,  3(LiO,NaO),  4Si03  +  4(AP0^  4Si03);  kas- 
tor,  LiO,  3Si03  +  2(AP0^  3Si03) ;  couserauite,  3R0,  SiO^ 
4- APO'^,  SiO^;  saussurite,  3R0,  SiO^  +  2(A12  0^  SiO^) ;  bau» 
lite,  RO,  2Si03  -f  APO^,  GSiO^.  Appendix  :— Obsidian,  pitch- 
stone,  &c. 

Albite  Type : — Triclinia. 

Anorthite,  3R0,  Si03  +  3(AP03,  SiO^);  lepolite,  same  for- 
mula as  anorthite;  spodumene  (?) ;  vosgite,3(RO,  SiO'^)  -I-  3A1'^03, 
2Si03;  h^^3osclerite,  3(R0,  Si08)+2AF03,  3Si03;  labrador- 
ite,  RO,  SiO^-f-APO^  SiO^;  chladnite  (?),  M-0,  Si  0^  from 
Shepherd's  analysis;  latrobite, 3R0,  Si03  +  4(AP03,  SiO^) ;  an- 
desine,  3R0,  2Si03 -f  3(AP03,  2Si03) ;  oligoclase,  RO,  SiO^ 
+  AP  03,  2Si  03 ;  albite,  NaO,  Si  0^  +  AP  0^,  3Si  0^.  Appen- 
dix:—Chesterlite,  3RO,2Si03  +  2(Al-^03,  3Si03);  Kerndt's  green 
feldspar  from  Bodenmais  (Liebig^s  First  Report,  vol.  ii.  p.  409 
of  Dr.  Hofmann's  translation),  same  formula. 

T2 
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IVcrnerite  Type : — Dimetric. 

Gehlenite,  3(3RO,  Si  0^)  +  SR^O^  SiO^;  Immboldtilite, 
2(3RO,  Si  O--^)  +  R2  0^,  Si  03 ;  dipvre,  4(R0,  SiO^)  +  3(A120^ 
Si  0-^) ;  mcionite,  3CaO,  Si  0^  +  2{A12  0^  Si  0^) ;  wcrneritc, 
3CaO,  Si03  +  3(A1203,Si03);  scapolite,  3RO,2Si03  +  2(A1203, 
SiO^).  The  three  latter  formiilje  afford  another  proof  of  the 
insufficiency  of  our  present  chemical  system  in  its  applications  to 
mineralogy;  unless,  indeed,  it  be  admitted  that  chemical  and 
physical  phenomena  have  no  relations  to  each  other — an  idea 
the  mind  refuses  to  receive. 

Palagonite  may  perhaps  he  attached  to  this  type  as  a  hind  of 
scapolite-obsidian, 

Lencite  Type : — Monometric. 

Leucite,  3K0,  2Si03  +  3(Ar2  0^  2Si03) ;  analcime,  3NaO, 
2SiO^  +  3(A12  0'^  2Si03)+GH-2  0  =  leucite  +  6H-0;  glotta- 
lite,  3CaO,  2Si03+AP0^  Si03  +  9H^O. 

Lapis-Lazuli  Type : — Monometric. 
Lapis-lazuli ;  haiiyne,  3(NaO,  KO),  SiO^  +  3(AF03,  SiO^) 
H-2(CaO,  SO-"^);  nosean,  3NaO,  SiO'^  +  3(AP03,  Si03)+NaO, 
SO^ ;  skolopsite,  3(3RO,  2SiO'^)  +  3(AP0^  SiO^)  +  NaO,  SO^ ; 
ittueritc  [3R0,  SiO^  -f  3(AP0^  SiO^)  -h  SH^O]  +  CaO,  SO'^ 
and  NaCl;  sodalite,  3NaO,  Si03-f3(APO^  SiO^j  +  NaCl. 

Ncpheline  Type : — Hexagonal. 

Davyne,  cancrinitc,  2R0,  Si03  +  2(AFO^  SiO'^) +R0,  CO'^ 
+  H^O ;  stroganowite,  formula  like  the  preceding  but  without 
the  water;  nepheline,  2R0,  Si03  +  2(APO^  SiO^) ;  chabasite, 
3R0,  2SiO^+3(A120^2SiO-^)  +  18IPO,  also  (herschellite,  etc.) 
the  same  -  3H^0,  and  (other  varieties)  RO,  SiO^  +  Al^O"^, 
2Si03H-6H^0.  Chabasite  and  its  allied  forms  might  perhaps 
with  greater  propriety  be  arranged  as  a  separate  type. 

Apophyllite  Type  : — Dimetric. 

Apophyllite  [8(CaO,  SiO^)  +  KO,  2SiO-^  +  IGH^O]  +a€aF(?); 
faujasitc,  3R0,  4Si03  +  3(AP0^  2Si03)  +  24H20;  zeagonite, 
2R0,  SiO'^  +  2(A120^  Si03)+9H^20;  edingtonite  (?). 

Desmine  {Stilbite)  Type  : — Trimetric. 

Prehnitc,  2CaO,  Si  0^  +  AF  0 ^  Si  0'^  +  11^0;  thomsonite, 
3R0,  Si  0'H3(AP  03,  Si  03)  +  7h.-0;  phillipsite,  3R0,  2Si03 
4-4(AP03,  2Si03)  +  18H-0;  harmatome,  3BaO,  2Si03  + 
4(AP03^  2Si03)  +  18II2  0;  natrolite  (mesotype),  Na  0,  SiO^ 
+  AP03,  Si  03  +  2H'-0;  scolezite  (?  monoclinic),  RO,  SiO^ 
+  A1203,  Si03  +  3ir^O;  desmine  (stilbite),  CaO,  SiO^  +  iU'^O^, 
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3Si03  +  6H20;    epistilbite,  RO,  SiO^  +  APO^  SSiO^  +  SH^O. 
Appendix  :— Okenite,  3CaO,  4Si03  +  6H20. 

Heulandite  Type : — Monodinic. 

Datolite,  6CaO,  4Si03,  3B0^  SH^O,  or  (botryolite)  GH^Oj 
laumonite,  3CaO,  2Si03  +  4(AP0^  2Si03)  +  18H20  =  a  mo- 
nodinic pliillipsite;  Iconhardite,  3(CaO,  SiO^) +4(AP0^  2Si03) 
+  15H^Ojbrewsterite,(SrO,BaO),SiO'^-fAP0^3Si03  +  5H20; 
heulandite  (stilbite  of  German  authors),  3(CaO,  SiO^)  4-4(A120^, 
3Si03)  +  18H20. 


XXXIX.  On  the  Amylum  Grains  of  the  Potatoe.  By  A.  G.  C. 
IMartix,  Librarian  of  the  Imperial  Polytechnie  Institute  of 
Vienna^. 

[With  a  Plate.] 

FOE,  some  time  past  I  have  been  engaged  in  investigating 
the  phfenomena  which  occur  when  the  amylum  grains  of 
the  potatoe  are  subjected  to  the  action  of  boiling  water,  and  I 
have  discovered  a  new  fact  which  is  not  in  accordance  with  the 
present  theory  and  prevailing  notions  concerning  their  structure. 

Although  there  is  in  microscopical  observations  great  liability 
to  erroneous  conclusions,  and  consequently  extreme  caution  ne- 
cessary at  every  step,  still  too  much  timidity  would  speedily  put 
a  stop  to  the  progress  of  science,  and  hence  I  trust  that  the 
scientific  world  will  consider  my  numerous  experiments  worthy 
of  being  submitted  to  a  trial. 

Prior  to  commencing  my  experiments,  I  made  myself  thoroughly 
acquainted  with  all  that  had  been  written  on  the  subject  of  amy- 
lum f^  and  found  that  in  no  instance  was  there  any  detailed 
account  of  the  phenomena  presented  in  the  formation  of  amylum 
or  the  process  of  boiling.  This  is  easily  accounted  for  by  the 
fact,  that  precisely  at  the  above  point  oxu-  knowledge  ceases.  The 
object  of  my  researches  was  to  supply  this  defect. 

1.  The  microscope  I  employed  is  one  by  Plossl.  Most  of  my 
observations  were  made  with  the  object-glasses  Xos.  3,  4  and 
5,  and  the  eye-glass  No.  2,  a  combination  which  gives  a  magni- 
fying power  of  198  diameters.  Plossl,  in  his  recent  microscopes, 
has  made  the  reflector  moveable  outside  the  axis,  by  which  an 

*  Communicated  by  the  Author. 

t  Fritsche  on  Amyium,  Poggendorff's  J?in«Ze»,  vol.  xxxii.  p.l29.  Mohl, 
Anatomy  and  Physiology  of  Vegetable  Cells,  p.  48.  Payen,  Practical  Che- 
mistiy,  p.  347.  Regnault,  Elements  of  Chemistry,  vol.  iii.  p.  161.  Schleiden, 
Elements  of  Scientific  Botany,  first  edition,  p.  171-  Schleiden  and  Schmidt, 
Encyclopsedia  of  Natural  Science,  vol.  iii.  p.  33.  Unger,  Anatomy  and 
Physiology  of  Plants,  p.  39. 
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oblique  or  side  light  is  obtained — an  arrangement  which  cannot 
be  too  strongly  recouanonded  to  microscopists.  Before  Plossl 
made  this  ini])rovemcnt,  I  had  to  ado])t  a  substitute,  witli  which 
every  expert  observer  is  probably  familiar,  but  to  which  it  may 
be  as  well  to  call  attention,  because  the  success  of  experiments 
requiring  such  nicety  greatly  depends  on  the  proper  adjustment 
of  the  light. 

For  observations  by  day-light,  the  reflector  ought  to  be  so 
adjusted  that  the  greatest  quantity  of  light  possible  w  ill  be  thrown 
on  the  stage  of  the  microscope,  and  the  light  is  to  be  broken  in 
the  following  manner.  A  strip  of  black  pa])er,  3  inches  long 
and  1  inch  wide  {i.  e.  according  to  the  diameter  of  the  reflector), 
must  be  placed,  the  black  side  outwards,  in  such  a  way  over  the 
reflector  that  a  segment  on  both  sides  of  the  latter  will  remain 
uncovered,  and  the  light  be  thrown  obliquely  on  the  stage.  It  will 
often  be  expedient  to  cover  the  entire  half  of  the  reflector,  leaving 
one-half  only  exposed.  I  prefer  these  two  methods  of  adjusting 
the  light  to  the  ordinary  diaphragm,  because  in  addition  to  mo- 
difying the  light,  they  possess  the  advantage  of  producing  an 
obliquely-directed  light. 

^Vhcn  the  observations  are  made  by  candle-light,  the  following 
method  is  to  be  adopted.  A  stearine  candle,  in  a  candlestick 
12  inches  high,  is  to  be  placed  at  a  chstanee  of  12  inches  from 
the  microscope,  and  the  object  placed  in  the  full  light  of  the 
reflector.  Then  placing  the  fore-finger  on  the  vertically  move- 
able hoop  of  the  reflector,  the  latter  is  to  be  turned  a  little  to 
the  right  or  left,  which  will  instantaneously  alter  the  light ;  ele- 
vations will  cast  shadows,  cavities  will  be  shaded,  and  the  amy- 
lum grains  will  appear  as  complete  bodies  to  the  eye  of  the  ob- 
server. I  would  advise  that  all  observations  be  conducted  both 
by  candle-light  (not  by  lamp-light,  which  may  be  too  glaring) 
and  day-light,  because  a  comparison  of  the  difl"erent  results  serves 
as  a  check  to  erroneous  conclusions. 

2.  Passing  over  the  facts,  more  or  less  known,  concerning  the 
external  appearance  of  the  amylum  grains  of  the  potatoe,  and 
also  the  experiments  upon  the  kernel,  the  layers,  the  action  of 
acids,  alkalies,  roasting,  &e.,  I  at  once  proceed  to  the  peculiari- 
ties which  appear  on  boiling  the  amylum.  These  phenomena, 
which  are  of  a  highly  interesting  character,  are  difflcult  to  ob- 
serve, and  not  yet  thoroughly  inidcrstood.  The  probable  cause 
of  their  not  having  been  more  diligently  studied  and  more 
thoroughly  investigated  is,  that  most  microscopists,  Fritsche 
aiyong  the  number,  commence  the  process  by  means  of  a  current 
of  heated  air  from  a  candle  or  lamji,  and  only  begin  to  observe 
the  phjeuomeua  when  they  have  nearly  terminated. 

I  have  succeeded  in  inventing  a  method  by  which  the  boiling 
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can  be  conducted  under  the  microscope  mtliout  endangering  it, 
and  the  eflfect  on  one  and  the  same  grain  be  observed  from  the 
first  to  the  last  stage.  I  have  thus  been  enabled  to  establish  the 
following  facts^  which  will,  I  trust,  correct  the  present  views  on 
the  structure  of  the  amylum  grains  of  the  potatoe. 

The  method  I  employed  in  prosecuting  these  experiments  is 
as  follows : — 

Between  two  very  thin  glasses  of  the  same  size  as  the  stage  of 
the  microscope,  a  little  amylum  with  a  sufficient  quantity  of 
water  is  to  be  put,  and  the  former  well  spread  out  with  the  finger 
to  prevent  as  much  as  possible  the  formation  of  bubbles.  The 
number  of  amylum  grains  in  the  field  of  view  should  not  exceed 
ten  or  fifteen.  The  glasses  should  lie  freely  on  the  spring-piece, 
which  must  be  raised  by  means  of  two  pieces  of  cork  or  thick 
coins  introduced  below  it ;  so  that  whde  the  two  glasses  are 
lying  right  upon  the  object-bearer,  a  current  of  cold  air  will 
ascend  from  below,  to  permit  the  little  flame  to  continue  burn- 
ing in  the  hole  of  or  below  the  stage.  As  the  glasses  are  wide, 
they  protect  the  microscope  from  too  great  a  heat  or  other 
danger.  The  small  flame  is  to  be  obtained  from  a  common 
thread,  doubled  and  slightly  waxed.  This,  when  ignited,  gives  a 
flame  quite  sufficient  to  boil  the  amylum.  This  method  of  ap- 
plying heat  is  adapted  to  other  experiments,  and  appears  far 
preferable  to  the  usual  one  of  heating  the  extreme  end  of  the 
glass  on  which  the  object  is  placed,  until  the  heat  is  conducted 
to  the  object  itself. 

An  assistant  can  hold  the  flame  to  the  glasses  by  inserting  it 
from  belov/  into  the  hole  of  the  stage,  and  withdraw  it  if  any 
alteration  be  obseiTed  until  the  paste  is  formed,  or  more  correctly 
speaking,  until  the  amylum  grains  swell  up  and  are  completely 
unfolded.  But  it  will  be  much  better  if  the  observer  apply  the 
flame  himself,  in  which  case  it  may  perhaps  be  sometimes  extin- 
guished, yet  a  little  practice  aa^U  soon  give  dexterity  in  the  ope- 
ration. The  best  way  is  to  hold  the  thread,  vthich  being  stiff 
will  remain  upright,  between  the  thumb  and  fore-finger,  and  to 
rest  the  little  finger  on  the  table  supporting  the  microscope. 
This  will  steady  the  hand,  and  the  flame  can  be  constantly  kept 
under  the  centre  of  the  stage.  If  the  heat  be  unintermitting, 
the  operation,  especially  in  its  last  stage,  proceeds  very  rapidly, 
and  it  will  be  necessary  to  repeat  the  experiment  twenty  or  thirty 
times  before  the  mind  can  clearly  comprehend  the  entire  process. 
It  is  best  to  employ  middle-sized  grains  at  first,  and  afterwards 
large  ones  only. 

3.  According  to  my  observations,  the  phsenomena  which  take 
place  during  tlie  process  of  boiling  are  as  follows : — First,  the 
amylum  grain  sinks  in,  in  that  place  where,  according  to  Fritsche, 
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the  kernel  is  situated.  On  the  surface  minute  fissures  appear, 
two  of  which  ahnost  regularly  diverge  towards  the  thicker  end 
of  the  grain.  The  grain  continues  to  be  depressed  inwards  until 
a  cavity  is  formed,  which  is  surrounded  by  an  elevated  ridge. 
In  proportion  as  the  grain  swells  up,  this  ridge  increases  in  cir- 
cumference and  decreases  in  breadth,  that  is,  continues  to  get 
flatter,  until  fissures,  mostly  of  a  stellated  form,  appear  in  the 
hitherto  little  altered  thicker  part  of  the  grain.  The  process  is 
now  very  rapidly  developed,  and  it  is  very  difftcult  for  the  eye  to 
follow  it.  Suddenly  something  is  torn  otf,  the  grain  is  extended 
lengthways,  and  in  the  next  moment  a  wrinkled  skin  of  a  round, 
generally  oval  shape  lies  on  the  glass.  Middle-sized  and  small 
grains  exhibit  this  shape  most  distinctly ;  and  they  have  usually 
only  one  longitudinal  wrinkle,  the  upper  and  lower  ends  of  which 
are  pointed.  The  constant  a])pearance  of  this  wrinkle  is  import- 
ant for  the  development  of  my  theory. 

4.  When,  as  mentioned  above,  very  few  grains  are  employed, 
so  that  after  boiling  they  remain  properly  separated  by  interve- 
ning spaces,  if  the  temperature  has  been  the  proper  one,  the 
smaller  grains  appear  as  round  disc-like  skins,  almost  without 
■wrinkles.  The  middle  and  large-sized  ones  are  also  apparently 
transformed  into  flat  discs.  If  the  glasses  are  removed  from  the 
stage,  pressed  against  each  other,  and  at  the  same  time  slightly 
moved  from  one  side  to  the  other,  again  placed  on  the  stage  and 
viewed  by  an  obliquely-directed  light,  it  will  be  seen,  in  propor- 
tion to  the  success  of  the  experiment,  that  the  ■^\Tinklcs  of  the 
skin  are  either  entirely  smoothed  or  merely  pressed  do\Mi.  In 
the  former  case  the  discs  so  produced  have  a  perfectly  round  or 
oval  form.  In  the  latter  ease  the  contour  of  the  discs  remains 
slightly  contracted  or  twisted,  which  is  chiefly  the  case  with  veiy 
large  grains.  In  the  course  of  my  investigations  I  discovered  a 
method  of  delajnng  the  entire  process  of  boiling,  by  which  the 
above-mentioned  discs  are  obtained  in  a  perfectly  secure  manner. 
This  may,  ])erhaps,  make  the  experiment  less  striking,  but  it 
answers  admirably  for  the  verification  of  my  theory. 

By  the  action  of  tincture  of  iodine  the  amylum  grains  are 
contracted,  i.  e.  are  condensed,  being  transformed  into  iodized 
amylum.  If  a  small  drop  of  tincture  of  iodine  be  added  to  a 
quantity  of  water,  and  the  whole  well  mixed,  amylum  gi-ains 
placed  in  this  iodized  water  turn  light  blue,  dark  blue,  or  almost 
black,  according  to  the  quantity  of  iodine  em])loyed.  The  pre- 
cise quantity,  which  a  few  experiments  will  determine,  is  that 
which  renders  the  grains  of  a  delicate  sky-blue  colour  without 
depriving  them  of  their  transparency,  or  obliterating  the  layers, 
or  at  least  the  traces  of  them.  If  too  little  iodine  be  used,  the 
process  goes  on  too  rapidly ;  if  too  much,  too  slowly ;  the  grain 
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in  the  latter  case  being  so  much  condensed,  that  in  boihng  it  is 
unfolded  very  little  or  hardly  at  all.  In  the  proper  proportion 
the  grain  is  seen  to  increase  continually  diu'ing  the  boiling,  then 
to  split  at  the  kernel ;  and  at  this  point  the  colour  becomes 
lighter  in  the  centre,  and  the  elevated  band,  which  is  of  a  darker 
colour,  continually  recedes  towards  the  edge  imtil  a  completely 
flat  disc  lies  on  the  glass.  ^ATien  this  disc  is  pressed  between 
the  two  glasses,  it  becomes  smooth;  and  if  the  pressure  be 
strong,  somewhat  larger.  The  cx])eriment  seems  to  succeed  still 
better  in  a  concentrated  solution  of  alum,  ^ith  as  much  tinctm'C 
of  iodine  as  vrill  colour  the  grains  of  a  steel-blue.  The  charac- 
teristic longitudinal  wrinkle  also  appears  in  some  of  the  grains, 
but  it  is  easily  rendered  smooth. 

Although  I  shall  subsequently  return  to  this  subject,  I  cannot 
avoid  asking  in  this  place,  Where  does  the  spUt  or  tear,  at  which 
the  grain  is  considered  to  burst,  actually  occm-  ? 

5.  Before  developing  my  views,  I  have  yet  to  refer  to  the  often- 
mentioned  disc.  Its  appearance  demonstrates  that  it  is  perfectly 
fiat,  and  has  a  slightly  elevated  edge,  which  also  becomes  flat  on 
pressm-e.  The  contour  is  round,  but  perfectly  sharp.  If  the 
two  glasses  be  violently  moved  from  one  side  to  the  other  whilst 
pressing  the  amylum,  the  disc  is  torn,  and  it  is  distinctly  seen, 
especially  in  the  blue-coloured  ones,  to  consist  of  two  layers,  an 
upper  and  lower  one.  Fm-ther  examination  shows  that  they  are 
collapsed  vesicular  bodies,  consisting  of  an  extremely  fine  but 
strong  and  elastic  membrane.  Should  a  disc  have  a  small  ^n-inkle 
not  easily  smoothed,  then  if  the  lower  glass,  furnished  \i\\\i.  a 
good  quantity  of  water,  be  moved  over  the  upper  one,  such  a 
vesicle  will  be  seen,  particularly  in  the  alum  solution,  to  turn- 
round  on  its  axis,  and  the  ^vl'inkle  to  slide  over  the  upper  and 
lower  layers  of  the  skin  ;  over  the  upper  layer  in  the  direction  in 
which  the  glass  is  moved,  and  over  the  lower  layer  in  an  opposite 
direction.  That  this  vesicle  cannot  be  the  grain  enlarged  in 
dimensions  will  be  apparent  hereafter ;  and  I  now  proceed  to 
develope  my  theory. 

6.  The  primary  form  of  the  amylum  grain  is,  according  to  my 
view,  a  spherical  or  ovate  vesicle.  If  this  be  considered  as  empty, 
and  so  contracted  that  one-half  hes  in  the  other  half,  a  watch- 
glass-shaped  basin  is  formed,  which,  I  may  here  observe,  after 
boiling  and  pressure  between  the  two  glasses,  appears,  in  conse- 
quence of  the  delicacy  and  elasticity  of  the  membrane,  as  a  flat^ 
round-edged  disc. 

Plate  YI.  fig.  1  represents  the  edge  of  the  basin-shaped  vesicle. 
At  the  formation  of  the  grain  this  edge  moves  a  little  inwards,  and 
rolls  itself  up  inwardly,  by  which  a  band  h  (fig.  2)  with  spiral 
internal  \N-indings,  which  on  the  outside  appear  elliptical,  is  pro- 
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duccd.  During  the  progress  of  the  rolhng  up,  the  space  a  is  of 
course  constantly  decreasing,  while  the  parts  on  the  inner  edge 
of  the  band  olfer  a  resistance.  This  resistance  must  be  overcome 
by  contraction,  in  a  direction  tangental  to  the  internal  circum- 
ference ;  consequently  a  part  of  the  band  which  has  been  by 
accident,  or  from  the  unequal  thickness  of  the  vesicle,  rolled  up 
before,  or  more  than  the  rest,  prevents  the  remaining  part  from 
rolling  itself  up.  Hence  the  cause  of  the  elli])tical  form  of  the 
baud.  The  space  at  a  now  becomes  continually  smaller,  until 
the  interior  edges  approach  so  close  that  they  are  joined  together, 
and  the  small  hole  hitherto  remaining  is  closed.  The  amylum 
grain  with  its  elliptical  layers  so  far  complete  is  i-epresented  by 
fig.  3. 

We  have  obtained,  as  it  were,  a  sketch  of  the  geometrical  con- 
struction of  the  amylum  grains,  according  to  which  the  kernel  is 
not  a  ])riuiary  substance,  but  a  secondary  form  only.  Whether 
this  space  is  occupied  by  a  liquid  or  by  air  has  nothing  to  do 
with  the  theory  of  formation  here  developed,  and  is  a  subject  for 
special  investigation.  How  far  this  theory  agrees  with  micro- 
scopical observation  must  be  shown  by  experiment.  As  for  the 
physiological  questions  arismg  from  this  theory,  they  must  be 
reserved  for  more  expert  pens  than  mine. 

7.  Let  us  now  proceed  to  compare  the  theory  hitherto  admitted 
with  the  new  one  as  explained  above.  When  the  vesicles,  coloured 
with  tincture  of  iodine  and  pressed  Hat,  are  once  seen  to  revolve 
round  their  axes,  it  seems  decisive  that  no  such  thing  as  splitting 
through  and  through  takes  place;  for  this  skin  is  so  homo- 
geneous and  so  transparent,  that  even  the  slightest  fold  is  easily 
perceived.  Schlciden,  although  he  calls  the  product  of  the  last 
stage  of  boiling  a  thick  skin,  and  not  a  vesicle,  seems  already  to 
call  in  question  the  complete  splitting  open,  for  he  expressly 
says,  that  during  the  boiling  the  split  is  transformed  into  a  large 
cavity.  Now,  I  ask,  what  has  become  of  the  layers,  which  must 
assuredly  possess  much  more  substance  than  the  external  skin 
of  the  unboiled  grain  ?  Are  they  dissolved,  or  merely  se])arated, 
and  one  fixed  in  the  other  ?  Has  the  smallest  one  surrounding 
the  kernel,  and  the  larger  one  close  to  it,  and  the  third  still  larger 
one,  and,  in  fact,  have  all  the  layers  become  increased,  or  dimi- 
nished to  the  exact  size  of  the  external  skin  in  order  to  form  with 
it  a  large  bag  ?  or  are  the  interior  soft  layers  (so  called)  boiled 
away  to  a  jelly-like  mass,  which  remains  invisible  within  the  bag 
and  is  pressed  fiat  with  it  ?  RaspaiPs  assertion,  that  part  of  the 
amylum  grains  is  dissolved,  belongs,  as  is  well  known,  to  the 
things  long  since  refuted  and  forgotten.  Tliat  the  skins  should 
lie  fixed  one  within  the  other  and  yet  not  difi'er  in  their  dimen- 
sions, nor  any  fissures  appeal',  nor  the  disc  be  thicker  in  the 
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centre,  appears  to  be  physically  impossible.  That  the  internal 
layers  boil  away  to  a  kind  of  jelly  and  become  liquid,  or  at  least 
mucilaginous,  is  also  in  opposition  to  the  so  often  proved  homo- 
geneousness  of  the  amylum  substance.  In  short,  the  fact  that  a 
grain  completely  pressed  to  pieces,  when  boiled  under  the  micro- 
scope, is  seen  to  swell  up  in  all  its  fragments,  each  of  which 
forms  a  rag  of  transparent  skin,  is  alone  sufficient  to  answer  all 
these  questions  in  the  negative. 

Fritsche^s  opinion,  that  the  internal  layers  escape  when  the 
external  skin  bursts,  appears,  considering  the  above,  to  be  quite 
inadmissible.  "\"\Tiat,  then,  becomes  of  the  layers  ?  The  new 
theoiy  here  propounded  easily  and  satisfactordy  answers  the 
question — thetj  unfold  themselves.  Of  this  the  microscope  will 
furnish  the  proof.  As  soon  as  the  observer  has  learnt  to  follow 
the  rapid  progress  of  boiling,  he  will  be  able  distinctly  to  see 
the  separation  of  the  seam  where  the  edges  of  the  bands  are 
united;  he  will  see  immediately  after  this,  that  the  folds  thus 
laid  free  are  pressed  forward,  spread  out,  and  in  lai'ge  grains  are 
laid  in  a  ^vreath  of  folds  around  the  flatter  central  part.  While 
the  bands  are  slu'inking  back,  the  interior  edge  thus  being 
loosened  is  not  \isible,  which  is  very  natural,  because  a  double 
vesicle  has  been  rolled  up,  the  external  skin  of  Vv'hich  on  unfold- 
ing is  drawn  over  the  internal  one,  and  the  real  edge  is  thus 
concealed. 

The  longitudinal  v.riukle  generally  seen  in  the  boiled  grains 
cannot  be  easily  accounted  for  on  the  old  system.  But  according 
to  the  new  one,  it  appears  that  the  vesicle  which  has  been  rolled 
up  and  kept  in  tension  is  extended  all  round ;  and  when  laid  up 
flatly  in  its  watch-glass-like  shape  produces  a  fold,  wide  in  the 
middle  and  pointed  at  both  ends,  which,  with  ovate  vesicles, 
exactly  coincides  with  their  long  axes,  precisely  as  obseiTation 
demonstrates. 

I  have  before  remarked,  that  during  the  growing  together  of 
the  bands,  the  parts  around  the  so-called  kernel  must  be  con- 
densed, a  supposition  also  verified  by  observation ;  for  no  sooner 
does  the  smaller  band  separate,  than  the  grain,  especially  a  large 
one,  extends  with  a  jerk,  as  though  forced  by  a  spring  just  libe- 
rated. The  external  appearance,  even  of  the  layers,  with  their 
angular  and  frequently  broken  forms,  is  more  in  accordance  vrith 
theh'  rolling  up  than  with  their  free  formation. 

As  to  the  number  of  layers,  fom-  full  windings  would,  as  the 
vesicle  is  double,  produce  seventeen  apparent  layers,  without 
counting  the  bends,  which  most  probably  are  produced  parallel 
to  the  windings  in  the  inside,  and  v.hich  to  the  eye  appear  like 
layers. 

Finally,  let  us  consider  the  phsenomena  when  the  grains  are 
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viewed  by  polarized  light.  Why  is  it  that  they  exhibit  a  black 
cross  ?  The  answer  according  to  the  old  theoiy  will  be,  that  it  is 
in  consequence  of  the  layers  varying  in  density.  J3ut  what 
answer  will  be  given  to  the  question,  AV'hy  do  the  layers  vary  in 
density  ?  "Without  calling  in  aid  a  new  hypothesis,  that  the 
layers  ai'e  formed  from  within  (?),  this  question  cannot  be  an- 
swered by  the  mere  formation  of  layers ;  whilst  the  rolling  up 
and  ultimate  growing  together  of  the  band  produces,  as  already 
obser\ed,  a  condensation  or  pressure  of  the  parts  around  the  so- 
called  kernel.  Hence  the  amylum  grain  resembles  an  unanncaled 
glass  disc,  and  consequently  in  polai-ized  light  it  must  exhibit 
the  coloiu'cd  cross. 

8.  ]\Iany  additional  proofs  of  my  theory  might  be  advanced, 
but  I  have  no  wish  to  trespass  on  the  patience  of  the  reader, 
and  therefore  will  leave  the  discovery  of  contradictions  to  my 
adversaries  ;  for  had  I  myself  found  the  shghtest  inconsistency, 
in  a  physical  point  of  view,  I  would  at  once  have  rejected  the 
whole  theory  or  admitted  its  weakness.  In  conclusion,  I  will 
merely  observe  that,  according  to  my  experience,  this  theory  will 
apply  to  other  kinds  of  amylum,  all  of  which,  as  far  as  I  have 
hitherto  seen,  produce  after  boiling  the  vesicle  as  described,  and 
in  their  unfolding  perfectly  agree  with  their  different  kinds  of 
curl.  My  sincere  wish  is,  that  my  observations  may  soon  be 
either  fully  confirmed  or  completely  refuted ;  a  proceeding,  which 
cannot,  however,  be  performed  by  mere  arguments,  but  must  be 
achieved  by  observation  on  the  stage  of  the  microscope  itself. 

XL.  On  a  Remarkable  Property  of  the  Diamond.  By  Sir 
David  Brewster,  K.H.,  D.C.L.,  F.R.S.,  and  V.P.R.S.  Ed.* 

[With  a  Plate.] 

HAVING  had  occasion,  some  years  agof,  to  examine  the 
stinicture  of  a  diamond  plano-convex  lens  which  gave 
triple  images  of  minute  microscopic  objects,  I  discovered,  by  ^ 
particular  method  of  observation,  that  the  whole  of  its  plane  sur- 
face was  covered  with  hundreds  of  minute  bauds,  some  reflecting 
more  and  some  less  light ;  and  I  naturally  tb'cw  the  inference 
that  this  diamond  consisted  of  a  great  number  of  layers  of  dif- 
ferent reflective,  and  consequently  refractive  powers,  from  which 
arose  all  its  imperfections  as  a  single  microscope.  In  this  case 
the  veins  or  layers  lay  parallel,  or  nearly  so,  to  the  axis  of  the 
lens,  so  as  to  produce  the  worst  effect  upon  the  refracted  pencil ; 
for  if  the  axis  of  the  lens  had  been  perpendicular  to  the  surfaces 

*  From  the  Phil.  Trans.  1841,  pp.  41,  42. 
t  This  Journal,  vol.  vii.  p.  245. 
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of  these  veins,  its  performance  as  a  microscope  would  scarcely 
have  been  injured  by  them. 

In  repeating  Mr.  Air}*'s  experiments  on  the  action  of  the  dia- 
mond in  modifying  Ne'«i;on's  rings  near  the  polarizing  angle,  I 
was  led  to  re-examine  the  flat  surface  of  the  diamond  above 
mentioned;  but  though  I  found  my  former  observations  per- 
fectly con'ect,  yet  I  was  induced  to  suspect  the  accuracy  of  the 
inference  which  I  drew  from  them,  aud  which  I  could  not  but 
draw  in  the  circumstances  under  which  the  phenomenon  was 
presented  to  me. 

In  order  that  the  Society  may  be  able  to  judge  of  the  new 
results  at  which  I  have  arrived,  I  have  given  in  Plate  VI.  fig.  4 
as  accurate  a  drawing  as  I  am  able  to  make  of  the  appearance  of 
the  flat  surface  of  the  diamond  under  consideration,  as  seen  by 
light  incident  upon  it  nearly  perpendicularly.  The  flat  surface 
of  the  diamond  is  0"058,  or  yyth  of  an  inch  in  diameter,  and 
owing  to  the  great  convexity  of  its  other  sm-face,  the  light  re- 
fleeted  by  it  does  not  interfere  with  the  examination  of  the  struc- 
ture above  mentioned. 

The  appearance  shown  in  the  figure  is  that  which  I  observed 
some  years  ago ;  but  upon  shifting  the  line  of  illumination,  I 
was  surprised  to  perceive  that  all  the  durk  bands  became  lif/hf 
ones,  and  all  the  light  bands  became  dark  ones,  a  ph?enomenon 
which  placed  it  beyond  a  doubt  that  all  the  bands  ivere  the  edges 
of  veins  or  lamintE  ichose  visible  terminations  loere  inclined  at  dif" 
f event  angles,  not  exceeding  tico  or  three  seconds  to  the  general  sur- 
face. Had  this  surface  been  an  original  face  of  the  crystal  there 
would  have  been  nothing  surprising  in  its  structure,  excepting 
the  exceeding  minuteness  of  the  strata  and  the  slight  inclination 
of  their  terminal  planes  to  each  other;  but  being  a  surface 
ground  and  polished  by  art,  the  phsenomenon  which  it  presents 
is  one  extremely  interesting. 

The  mineralogist  will  have  no  hesitation  in  admitting  that  this 
diamond  is  part  of  a  composite  ciystal  consisting  of  a  great 
number  of  individual  ciystals,  like  certain  specimens  oi felspar, 
carbonate  of  lime,  aud  other  minerals ;  but  it  is  more  difiicidt  to 
conceive  that  the  terminal  planes  of  these  individual  ciystals 
should  retain  their  relative  inclination  after  undergoing  the  ope- 
rations of  grinding  and  polishing  upon  a  lapidaiVs  wheel. 

To  many  persons  such  a  result  may  appear  inadmissible ;  but 
there  are  several  physical  facts,  which,  when  well  considered, 
cannot  fail  to  diminish  its  improbability.  Ifvre  grind  and  polish 
a  surface  of  mother-of-pearl  obliquely  to  the  strata  of  which  it  is 
composed,  we  shall  find  it  impossible  to  produce  a  perfectly  flat 
surface :  even  if  we  grind  it  on  the  finest  and  softest  hone,  and 
polish  it  with  the  smoothest  powder,  the  termination  of  each 
stratum  will  remain ;  and  while  the  seneral  siuface  reflects  a 
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white  image,  the  grooves  or  striae  will  give  rise  to  the  beautiful 
prismatic  images  produced  by  interference*. 

Another  analogous  fact  presented  itself  to  me  many  years  ago 
in  examining  calcareous  spar.  Having  had  occasion  to  form  an 
artihcial  face  upon  one  of  the  edges  of  the  rhomb  containing  the 
obtuse  angle,  I  used  a  coarse  file  without  water,  and  found  that 
it  exposed  faces  of  cleavage  which  had  never  been  previously  seen, 
andwhich  were  inclined  to  thegeneral  surface  produced  bythefilcf. 

In  examining  the  ojitical  figures  produced  by  the  disintegra- 
tion of  ciTStallized  suifaces,  I  have  found  that  by  coarse  sand- 
stone, or  the  action  of  a  rasp,  or  large-toothed  file,  we  can  expose 
surfaces  of  crystallization  with  their  natural  polish  differently 
inclined  to  the  general  surface  J. 

In  all  these  cases  the  faces,  exposed  by  the  mechanical  action 
of  grinding  or  filing,  preserve  their  natural  surfaces  and  polish, 
and  will  preserve  them  more  perfectly  and  readily  if  they  are 
faces  of  easy  cleavage.  Tlie  facility  of  exposing  such  faces  by 
the  action  of  grinding  must  increase  as  the  veins  or  strata  be- 
come thinner,  and  it  is  probable  that  their  exceeding  minuteness 
in  the  diamond  may  have  aided  in  the  production  of  the  struc- 
ture which  has  been  described. 

I  have  found  it  quite  impossible  to  measure  the'inclination  of 
ai!y  of  the  faces  by  the  goniometer ;  but  I  have  succeeded, 
though  with  some  difficulty,  in  taking  an  impression  of  the 
grooved  surface  upon  wax. 

This  structure  sufficiently  explains  the  existence  of  three 
images  when  the  lens  was  used  as  a  microscope,  without  sup- 
posing that  the  veins  had  different  refractive  powers.  Faces  of 
different  inclinations  would,  of  course,  converge  the  rays  to  dif- 
ferent foci  on  the  retina,  as  effectually  as  if  there  had  been  only 
a  variation  in  their  refractive  indices. 

St.  Leouard's  College,  St.  Andrews, 
Februaiy  11,  1841. 


XLI.   Geometry  and  Geometers.     Collected  hj  the  late  Thomas 
Stephens  Davies,  F.R.S.L.  &;  E.  ^t.§ 

No.  IX. 

[Continued  fi-om  vol.  ii.  p.  4  Ifi.] 
nPHIS  appears  to  be  an  appropriate  occasion  for  offering  a  few 
-*-       suggestions  for  the  consideration  of  geometers  respecting 
the  ancient  geometry  and  its  modern  cultivators. 

*  See  Philosophical  Transactions,  1814. 
t  Edinburgh  Journal  of  Science,  Oct.  1828,  vol.  ix.  p.  312. 
+  Trans.  Royal  Soc.  Ediub.vol.  xiv. 

§  Communicated  by  James  Cockle,  Esq.,  M.A.,  Barrister-at-Law,  who 
adds  the  foUoTNing  note  : — 

[•'  Unlike  the  two  papers  of  this  series,  which  I  have  already  forwarded 
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The  charge  most  commonly  made  against  the  science  is,  the 
total  absence  of  general  methods  of  research,  both  as  respects 
construction  and  demonstration.  It  is  alleged,  that  of  two  pro- 
perties of  a  figure  intimately  related  as  to  their  subject  matter, 
the  demonstration  of  the  one  furnishes  no  clue  to  the  demon- 
stration of  the  other;  and  that  the  most  elegant  construction  of 
a  problem  fails  to  facilitate  the  construction  of  one  nearly  kin- 
dred to  it — often,  indeed,  of  a  converse  problem.  "  All  is  iso- 
lated," it  is  said ;  "  and  it  rather  requires  a  certain  kind  of  hap- 
hazard dexterity  of  mind  than  the  application  of  general  methods 
to  make  an  able  geometer.  In  the  coordinate  geometry,  on  the 
contrary,  we  can  always  depend  upon  obtaining  a  solution,  since 
we  can  always  reduce  the  conditions  into  the  form  of  equations, 
which  only  require  the  ordinary  resources  of  algebraic  transfor- 
mation to  complete  the  inquiry." 

No  doubt  there  is  a  certain  degree  of  truth  in  this,  but  there 
is  yet  a  greater  degree  of  misapprehension.  Still,  the  inference 
being  made  from  the  general  writings  of  geometers,  and  that  too 
from  the  sui'vey  which  an  unpractised  mind  is  obliged  to  take, 
even  the  misapprehension  is  pardonable.  The  brevity  with  which 
geometers  put  down  their  steps  (consisting  only  of  what  con- 
structions they  make  in  the  individual  case  before  them,  and 
the  relations  which  successively  result  amongst  the  parts  of  the 
figure),  without  the  slightest  reference  as  to  why  they  adopted 
their  special  method,  tends  veiy  much  to  justify  the  opinion  to 
the  mind  of  the  uninitiated,  that  the  ancient  geometry  is  a  sy- 
stem of  special  expedients,  each  adapted  to  the  individual  case, 
like  the  solution  of  an  enigma,  and  the  whole  incapable  of 
reduction  to  any  general  principles. 

There  is  also  another  very  plausible  ground  for  the  inference. 
It  cannot  be  denied  that  nearly  all  geometers,  however  much 
they  may  add  to  the  details  of  the  science  in  the  way  of  theorems 
or  problems,  do  yet  pursue  it  merely  as  a  technical  system. 
Their  only  ambition  is  "  to  discover  new  truths,"  to  make  mere 

to  the  Philosophical  Magazine,  there  is  nothing  on  the  face  of  the  above  auto- 
graph of  Professor  Davies  to  indicate  with  certainty,  or  to  afford  anything 
like  a  conclusive  inference,  that  he  intended  it  to  occupy  its  present  posi- 
tion. I  am  responsible  for  the  title  given  to  it.  But,  even  if  its  original 
destination  be  doubtfid,  it  may  with  great  propriety  form  part  of  this  set 
of  articles.  The  manuscript  now  forwarded  is  a  portion  of  a  longer  auto- 
graph of  Mr.  Davies,  which  I  have  divided  into  two  jjortions,  thinking  that 
such  a  form  would  be  more  convenient  for  publication.  "When  this  has 
appeared  in  print,  I  shall  forward  the  other  part  for  insertion  in  this  ad- 
mirable Journal. 

"  James  Cockle. 

"  2  Pump  Court,  Temple, 

December  20,  1851."] 
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deduct  ions  from  prcvioushj  established  properties.    AVliat  relations 
these  new  truths  have  to  any  previously  known,  in  respect  of 
systematic  classification,  they  know  not,  and  they  care  not ;  the 
mission  of  these  geometers  is  fultilled  in  making  the  deduction, 
and  npon  this  they  rest  their  hopes  of  distinction  as  geometers. 
Yet  in  reality  they  arc  but  "  the  hewers  of  wood  and  drawers  of 
water^^  for  geometry.    They  arc  analogous  to  the  ingenious,  but 
unreasoning,  experimenters  who  abound  in   physical   science; 
they  arc,  to  use  the  language  of  Hartsoker,  the  manouirieres  of 
the  philosopher,  whether  geometrical  or  physical.     At  the  same 
time  they  are  as  necessaiy  in  all  sciences  as  the  "  hod-man^^  is  to 
the  builder,  or  the  "bellows-boy^^  to  the  organist;  and  happily 
they  are  found  to  exist  in  abundance,  or  unhappily  in  such  super- 
abundance as  to  create  the  desire  for  a  large  promotion  of  them 
into  the  order  of  actual  philosophers.     The  consequence  is,  that 
there  already  exists  such  an  immense  mass  of  theorems  and 
problems  relating  to  the  ancient  geometiy,  scattered  in  the  most 
sibylline  confusion,  and  without  the  slightest  indication  of  con- 
nection, that  they  may  be  deemed  as  useless  as  the  unreduced 
accumulations  of  an  observatory ;  or,  indeed,  worse  than  these, 
for  observations  are  so  kept  together  that  they  can  be  reduced, 
■whilst  the  labour  of  the  whole  life  of  a  geometer  would  not  suf- 
fice to  reduce  into  order  (both  as  to  subject  and  method)  the 
accumulations  of  English  geometry  within  the  last  hundi-ed  years. 
The  mathematician  who  looks  at  these  accumulations  in  their 
present  unreduced  state,  and  considers  them  to  be  the  end  at 
which  geometry  proposes  to  terminate,  may  well  be  excused  for 
the  opinion  he  forms  unfavourable  to  this  form  of  the  science. 
Yet  this  is  not  an  inherent  vice  of  geometry ;  though  it  may  and 
does  result  from  the  inherent  mental  indolence  of  the  geometer 
himself.     He  satisfies  himself  with  the  deduction,  and  aff'ects  to 
consider  everything  which  relates  to  classification  or  method  as 
"  too  s])eculativc"  for  so  able  a  geometer  as  he  is  !    He  "  leaves 
it  to  the  talkers  who  call  themselves  philosophers,  but  who 
cannot  solve  problems,  to  amuse  thcniselvcs  about  such  triviali- 
ties." The  truth  however  is,  in  the  language  of  an  eminent  living 
philosopher,  the  "  contest  of  mind"  which  this  requires  is  such  as 
to  transcend  the  powers  of  the  great  majority  of  men,  even 
though  their  problem-solving  powers  may  be  altogether  un- 
questioned. 

Nor,  if  the  inquirer  apply  directly  for  information  on  the  sub- 
ject from  those  geometers  who  are  the  most  adroit  in  this  class 
of  deductions  and  constructions,  does  he  find  much  to  enlighten 
him.  Such  a  geometer  will  at  once  sit  down  and  analyse  a 
problem  or  a  theorem  proposed  to  him ;  and  in  most  cases  obtain 
a  solution,  sometimes  of  considerable  elegance,  however  complex 
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the  proposition  may  be ;  but  if  he  be  asked  why  he  employed  some 
particular  method,  or  how  he  knew  it  would  answer  his  purpose, 
he  can  give  no  other  reason  than  that  he  "knew''  (or  he 
"thought/'  or  he  "perceived")  that  it  would  be  effective.  It 
thus  gives  to  his  processes  the  appearance  of  being  the  result  of 
mere  tact  or  quickness  of  perception ;  and  tends  to  support  the 
view,  that  geometiy,  even  in  the  hands  of  its  best  cultivators,  is 
only  a  system  of  expedients,  that  rather  requires  rapidity  of 
apprehension  than  profundity  of  intellect.  The  vanity  too  of 
men  who  set  a  high  value  on  present  reputation,  rather  than  on 
great  efforts,  is  gratified  by  this  character  for  "  quickness"  and 
"cleverness j"  and  instead  of  admitting  that  they  are  governed 
by  certain  principles  (though  perhaps  seldom  or  never  enun- 
ciated, even  to  themselves),  they  allow  an  erroneous  opinion  to 
exist  uncontradicted  and  unquestioned.  In  many  cases,  how- 
ever, these  men  have  acquired  the  nse  of  principles  from  long 
habit  in  the  imitative  processes,  without  ever  having  attempted 
to  enunciate  them  in  words,  or  to  reflect  farther  upon  the  pro- 
cesses to  which  they  apply  than  to  the  special  case  immediately 
before  them.  I  have  known  men  eminently  skilful  in  the  use  of 
the  geometrical  analysis,  who  were  yet  unable  to  give  the  least 
explanation  of  the  principle  on  which  it  is  based,  or  of  the  rules 
that  governed  them  in  the  employment  of  the  method.  All  they 
could  tell  me  was,  that  it  "answered  the  purpose  admirably;'^ 
and  more  than  this  they  knew  not,  nor  cared  to  know.  When 
I  asked  how  I  must  proceed  to  acquire  this  knowledge  and  its 
concomitant  power,  the  answer  was,  "study  good  examples." 
Upon  this  resource  I  was  thrown,  and  it  certainly  was  effective. 
The  little  tract  of  Lawson  and  the  second  volume  of  Leslie's 
Geometry  were  of  some  use;  but  in  looking  back  upon  that 
period  when  I  did  first  study  it,  I  have  often  regretted  that  some 
work  more  adapted  to  the  wants  of  the  student^  and  in  direct 
illustration  of  the  principles,  has  not  been  supplied. 

The  student  has  within  the  last  three  years,  however,  been 
placed  in  a  considerably  better  position  for  the  study  of  the  geo- 
metrical analysis,  by  Mr.  Potts's  Appendix  to  his  8vo  Euclid, 
1847.  The  attempt  to  comprise  under  one  enunciation  a  de- 
scription of  the  analysis  of  theorems  and  problems  has  been 
abandoned,  and  the  nature  of  the  process  is,  in  both  cases,  ren- 
dered intelligible.  They  are  indeed  so  different  in  their  cha- 
racter and  details,  that  when  we  see  the  effect  of  their  separation, 
we  can  only  wonder  that  they  should  have  ever  been  united*. 

*  In  confirmation  of  the  vagueness  with  which  ovcUnaiy  wiiters  express 
their  views  on  this  subject,  I  copy  the  following  from  a  work  of  considerable 
mathematical  pretensions,  published  only  about  seven  years  ago  : — "Ana- 
lysis, or  the  Analytic  Method,  is  that  by  which  a  remote  truth  is  discovered 
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It  can  only  liave  arisen  from  a  passion  for  verbal  generalization, 
whether  the  philosophy  of  the  subject  would  admit  of  it  or  not. 
Some  ])arts  of  Mr.  Potts^s  discourses  on  the  subject  might  be 
amplified  with  advantage,  and  especially  with  respect  both  to 
more  numerous  and  more  elaborate  examples,  and  to  the  cha- 
racter of  analysis  when  applied  to  local  and  indeterminate  pro- 
positions. I  am  not  altogether  without  the  hope  that  these 
changes  will  hereafter  be  made. 


XLII.  On  the  supposed  Identity  of  the  Agent  concerned  in  the 
Phenomena  of  ordinary  Electricity,  Voltaic  Electricity,  Electro- 
magnetism,  Magneto-electricity,  and  Thermo-electricity.  By 
M.  Donovan,  Esq.,  M.R.I.A. 

[Continued  from  p.  213.] 
Section  III. 

IN  fm-therance  of  the  objects  described  in  the  preceding  sec- 
tion, Professor  Faraday  has  made  experiments  to  determine 
the  quantity  of  electricity  associated  with  the  particles  or  atoms 
of  matter.  He  says  it  is  wonderful  to  observe  how  small  a 
quantity  of  a  compound  body  is  decomposed  by  a  certain  portion 
of  electricity.  One  grain  of  water  will  require  for  decomposition 
an  electric  current  "  equal  to  a  ^eiy  powerful  flash  of  lightning*.'' 
Elsewhere  he  says,  "  the  chemical  action  of  a  grain  of  water  upon 
four  grains  of  zinc  can  evolve  electricity  equal  in  quantity  to  that 
of  a  powerful  thunder-storm  f."  And  he  further  declares,  that 
from  his  experiments  "it  would  appear  that  800,000  such 
charges  of  the  Ley  den  battery  would  be  necessary  to  supply 
electricity  sufficient  to  decompose  a  single  grain  of  water  J." 
The  Ley  den  battery  to  which  he  here  alludes  consists  of  fifteen 
jars  containing  3150  square  inches,  that  is,  about  24^  square 
feet  of  coated  glass,  charged  by  thirty  turns  of  a  plate  electrical 
machine,  the  plate  being  50  inches  in  diameter,  and  of  immense 
jjower,  giving  ten  to  twelve  sparks  an  inch  long  for  each  revo- 
lution. 

The  estimate  that  800,000  discharges  of  the  batteiy  of  fifteen 

by  assuming:  that  what  is  requu-ed  to  be  done  is  done,  and  then  by  reason- 
ing from  the  more  complex  to  the  more  simple,  finally  arriving  at  a  known 
truth.     Analysis  is  the  method  usually  employed  in  algebra." 

Comment  on  this  would  be  superfluous.  Even  the  second  sentence, 
rcpcr.tcd  as  it  has  been  parrot-like  from  D'Aiembert's  calhng  algebra  "  ana- 
lysis" dov.n  to  our  own  time,  is  not  more  than  partial!}-  true.  It  is  usually 
true  as  regards  the  solution  of  problems,  but  veiT  rarely  so  in  the  investi- 
gation of  tlieorcms.  D'Alembcrt  greatly  confused  our  conceptions  of 
science  by  that  unfortunate  substitution. 

*  Researches,  par.  853.  t  Ibid.  873.  J  Ibid.  861. 
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jarsj  equal  to  a  powerful  flash  of  lightning,  would  be  necessary 
to  resolve  a  single  grain  of  water  into  its  elements  is  certainly 
astounding,  when  it  is  recollected  that,  according  to  Faraday*, 
the  quantity  of  electricity  that  decomposes  a  body  is  the  equiva- 
lent quantity  of  electricity  that  had  previously  held  the  elements 
of  that  body  in  combination ;  for  he,  with  Da^y  and  others, 
conceives  that  electricity  and  chemical  affinity  are  identical 
powers.  Hence  in  one  grain,  that  is,  one  drop  of  water,  there 
must  be,  naturally  existing  and  constituting  the  affinity  between 
its  oxygen  and  hydrogen,  no  less  a  quantity  of  electricity  than 
800,000  charges  of  a  battery  containing  3510  square  inches  of 
coated  glass,  or  the  equivalent  of  "  a  very  powerful  flash  of  light- 
ning/^ If  this  quantity  of  electricity  were  converted  into  one 
spark,  it  would  be  4166  miles  in  length,  taking  Professor  Fara- 
day's mean  estimate  of  one  charge  of  his  battei-y  as  the  basis  of 
calculation.     Can  this  exist  in  a  drop  of  water  ? 

Faraday's  expressed  opinion  on  this  subject  is  not  an  hyper- 
bole, intended  to  exalt  the  conception  of  the  quantity  of  elec- 
tricity in  the  drop :  he  means  it  literally,  and  the  admission  of 
it  is  necessary  to  the  alleged  identity  of  common  and  voltaic 
electricity.  Who  that  has  heard  a  near  clap  of  thunder,  which 
makes  the  very  ground  on  which  he  stands  tremble,  or  that  has 
seen  the  awful  flash  which  prostrates  buildings,  melts  masses  of 
iron,  strikes  deep  cavities  in  the  earth.,  and  kills  the  largest 
animals,  can  reconcile  to  himself  that  the  cause  of  all  this  de- 
struction is  contained  in  a  drop  of  water  ? 

With  regard  to  the  quantity  of  ordinary  electricity  necessaiy 
for  the  decomposition  of  a  certain  quantity  of  water,  there  are 
other  estimates  on  record  which  it  may  be  proper  to  compare 
vAth.  those  of  Faraday,  as  they  are  founded  on  experiments  con- 
ducted with  great  attention  to  accm-acy,  and  with  immense  labour. 
In  1789,  a  set  of  experiments  was  published  by  the  associated 
Dutch  chemists,  Mj\I.  Pacts  Van  Troostwyk,  and  Deimanf. 
By  passing  600  discharges  of  ordinary  electricity,  from  a  jar 
containing  one  square  foot  of  coated  surface,  through  a  slender 
tube  containing  distilled  water  previously  freed  from  air,  they 
obtained,  in  the  only  experiment  exactly  stated  by  them,  a  quan- 
tity of  mixed  oxygen  and  hydi'ogen,  which  stood  three-eighths  of 
an  inch  high  in  a  tube  one-eighth  of  an  inch  in  diameter  Enghsh 
measure.  A^Tioever  will  take  the  trouble  of  the  calculation  will 
find,  that  at  this  rate,  in  order  to  decompose  a  grain  of  water, 
no  less  than  1,033,792  such  discharges  would  be  required.  But 
as  these  were  discharges  from  a  jar  containing  one  foot  only  of 
coated  surface,  whereas  Professor  Faraday's  discharges  were  from 
24*'l  square  feet,  when  the  former  are  converted  into  the  lattei', 
*  Researches,  par.  862.        f  Journal  de  Physique,  vol.  xxxv,  p.  369. 
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in  order  to  form  a  comparison,  the  number  of  discharges  of  the 
Dutch  chemists  was  in  effect  but  42"G77.  But  it  was  afterwards 
shown  by  Dr.  Pearson,  that  in  these  experiments  not  more  tlian 
half  the  quantity  of  electricity  employed  by  the  Dutch  chemists 
was  active  in  decomposing  the  water,  owing  to  the  too  great 
distance  of  the  conducting  wires  from  each  other  within  the  tube ; 
thus  would  their  estimate  be  at  once  reduced  to  21,389  discharges. 
Faraday^s  estimate  for  the  same  duty  is  800,000  such  discharges, 
or  nearly  thirty-eight  times  greater  than  that  of  the  Dutch 
chemists. 

In  179/,  Dr.  Pearson,  assisted  by  Mr.  Cuthbcrtson,  made  a 
set  of  experiments  on  this  subject  with  unexampled  labour.  In 
the  only  experiment  completely  reported  by  Dr.  Pearson,  it  ap- 
pears that  from  1G,836  discharges  of  a  jar,  containing  150  square 
inches  of  coated  surface,  he  obtained  almost  half  a  cubic  inch  of 
the  mixed  gas*.  Hence  33,672  discharges  would  furnish  almost 
a  cubic  inch  of  the  mixed  gas ;  and  we  may  call  35,000  such 
discharges  equal  to  an  exact  cubic  inch.  Therefore  to  obtain  7863 
cubic  inches  of  the  two  gases,  which  together  constitute  one  grain 
of  water,  275,205  discharges  should  be  employed  if  the  resulting 
mixed  gas  were  pure.  But  five-eighths  of  it  only  were  pure ; 
hence  440,328  discharges  would  be  required  to  produce  7863 
cubic  inches  of  pure  gas  from  Dr.  Pearson^s  Leyden  jar  of  150 
square  inches  of  coated  surface.  Now  as  Pearson's  cbscharges 
were  made  from  a  Leyden  jar  of  150  square  inches  of  coated 
surface,  while  Faraday's  were  from  a  battery  containing  24*4 
square  feet,  when  the  former  are  converted  into  the  latter,  the 
number  of  Pearson's  discharges  required  for  the  decomposition 
of  one  grain  of  water  would  be  reduced  to  18,817,  which  is  forty- 
two  times  less  than  Faraday's  estimate. 

The  estimate  of  Van  Troostwjk  and  Deiman,  corrected  accord- 
ing to  Pearson,  is  21,184  discharges  for  the  decomposition  of 
one  grain  of  water;  that  of  Pearson  is  18,817;  the  difference  is 
2367.  This  is  as  close  an  agreement  as  could  well  be  expected 
in  a  comparison  of  such  experiments.  But  the  vast  difference 
of  Faraday's  800,000  discharges,  forty-two  times  greater  than 
Pearson's  estimate,  is  very  striking,  and  leads  to  some  suspicion 
of  the  universality  of  the  law  as  laid  do\Mi  by  that  philosopher, 
namely,  that  water  when  subjected  to  the  influence  of  the  electric 
current,  no  matter  what  the  intensity  or  the  acting  surface  so 
that  the  quantity  be  the  same,  the  quantity  decomposed  will  be 
exactly  proportionate  to  the  quantity  of  electricity  which  has 
passedf.  All  this  may  be  very  true  when  applied  to  the  voltaic 
influence;  but  if  so,  the  law  seems  to  individualize  common 

*  Philosophical  Transactions,  vol.  Ixxxvii.  p.  152. 
t  Researches,  pars.  732,  726. 
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electricity,  and  to  dissever  it  from  its  alleged  identity  witli  vol- 
taic electncity.  When  we  find  two  estimates  of  an  effect  to  agree 
pretty  well,  while  a  third  is  forty-two  times  greater  than  one, 
and  thirty-eight  times  greater  than  the  other,  it  is  plain  there 
is  a  monstrous  error  somewhere ;  and  hence,  hefore  we  can  ven- 
ture to  draw  any  conclusion,  it  will  be  proper  to  investigate  the 
grounds  on  which  the  discordant  opinion  has  been  formed.  This 
becomes  the  more  necessary,  when  it  is  recollected  that  the 
sti'onghold  of  those  who  maintain  the  identity  of  the  voltaic  and 
electric  agents  is  the  almost  unlimited  supply  of  the  latter  at  a 
low  intensity,  which  they  affirm  can  be  brought  into  action  du- 
ring the  exhibition  of  any  phsenomenon  caused  by  the  former. 

Faraday  has  estimated,  as  has  been  already  observed,  that  one 
grain  of  water  decomposed  by  four  grains  of  zinc  can  evolve 
electricity  equal  in  quantity  to  that  of  a  powerful  thunder-stoi-m, 
to  a  flash  of  lightning,  and  to  800,000  charges  of  a  Leyden  bat- 
tery, consisting  of  .2-li  square  feet  of  coated  surface,  charged 
each  time  with  thii'ty  turns  of  a  powerful  plate  electi-ical  machine, 
each  turn  of  the  plate  giving  ten  or  twelve  sparks  of  one  inch  in 
length. 

This  is  no  trivial  quantity ;  and  it  ought  to  be  easy  to  obtain 
powerful  if  not  fearful  manifestations  of  its  presence.  In  order 
to  set  this  matter  in  a  clear  point  of  view,  I  made  a  few  experi- 
ments, the  result  of  which  it  was  easy  to  foresee  ;  and  they  wTre 
made  as  illustrations  of  the  natui'e  of  my  objections  to  the  doc- 
trine impugned,  as  topics  to  reason  on,  as  facts  to  found  calcu- 
lations upon,  rather  than  as  mstruments  of  research. 

Having  prepared  a  piece  of  very  thin  zinc-foil  weighing  four 
gi-ains,  and  in  surface  measuring  live-eighths  of  an  inch  by  one 
inch,  and  also  a  plate  of  platimnn  five  times  the  sm-face  of  the 
zinc,  1  connected  each  with  one  of  the  gold  leaves  of  an  electro- 
meter, the  detached  gold  leaves  of  which  were  separately  insu- 
lated, and  were  moveable  towards  or  from  each  other  by  means 
of  glass  handles.  The  gold  leaves  were  then  moved  towards  each 
other,  until  they  and  the  brass  anus  from  which  they  hung  were 
in  good  contact.  An  insulated  vessel  containing  sulphimc  acid, 
at  that  moment  diluted  with  double  its  bulk  of  water,  was  pre- 
pared ;  and  while  the  mixtm-e  was  still  very  hot,  the  zinc  and 
platinum  plates  were  immersed.  The  platinum  gave  off  hydrogen, 
and  the  zinc  was  dissolved  in  1|  minute.  While  the  solution 
of  the  zinc  was  in  progress,  the  gold  leaves  were  gently  sepa- 
rated by  their  glass  handles,  and  approached  again  imtil  they 
touched :  there  was  not  the  slightest  appearance  of  attraction  or 
repulsion  when  they  were  separated  or  approached.  According  to 
Faradaj^s  estimate,  electricity  equal  to  no  less  than  240  millions 
of  one-inch  sparks  passed  through  the  gold  leaves  in  1|^  minute 
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without  the  smallest  evidence  of  its  presence.  How  different 
M'ould  have  been  the  result  if  even  the  smallest  spark  of  common 
electricity  had  acted  on  the  leaves !  the  attraction  or  repulsion 
would  be  sufficient  to  destroy  them  by  the  mere  mechanical  vio- 
lence of  the  effort.  But,  in  point  of  fact,  a  voltaic  arrangement 
always  renders  one  of  the  gold  leaves  positive  and  the  other  ne- 
gative ;  if  the  series  be  adequate,  the  gold  leaves  manifest  a  de- 
cided attraction ;  and  if  in  contact,  will  not  separate  without  the 
a])plication  of  a  countervailing  force.  Such  an  attraction  and 
adhesion  I  found  to  be  evidenced  by  this  differential  electro- 
meter, when  the  gold  leaves  were  connected  with  so  small  a  vol- 
taic series  as  twenty  pairs  of  plates,  each  three-quarters  of  a 
square  inch  in  surface,  and  arranged  as  a  couronne  des  tosses. 

When  we  consider  that,  during  the  solution  of  the  zinc  in  the 
foregoing  experiment,  no  less  than  210  millions  of  one-inch 
sparks  are  supposed  to  have  passed,  that  is,  nearly  2,700,000  in 
each  second  of  time,  the  mind  becomes  bewildered  by  the  incon- 
ceivable velocity  of  such  a  succession ;  and  we  cannot  fail  to  be 
struck  with  the  quiet  transit  of  a  iiash  of  lightning  through  the 
gold  leaves  Vi  ithout  melting  them,  or  even  producing  the  attrac- 
tion or  repulsion  which  a  bit  of  excited  sealing-wax  would  have 
done.  The  passage  of  this  quantity  of  electricity  in  this  almost 
instantaneous  space  of  time  through  gold  leaves,  each  weighing 
the  one-fiftieth  of  a  grain,  must  produce  such  an  enormous  in- 
tensity as  would  cause  the  dissipation  of  both,  and  the  destruction 
of  the  whole  apparatus  with  an  awful  flash. 

Lest  any  should  suppose  that  this  quantity  had  been  really 
evolved,  but  had  been  dissipated  or  lost  in  some  unaccountable 
way,  I  made  the  following  experiment,  the  result  of  which  could 
have  been  easily  anticipated ;  but  simple  as  the  experiment  was, 
I  did  not  choose  to  use  it  as  an  argument  ^athout  making  it. 
Two  glass  matrasses  were  procured,  the  necks  of  which  were  of 
the  same  diameter,  and  covild  easily  be  joined  into  one  continuous 
straight  neck  by  being  melted  at  the  lamp.  Into  one  of  these 
was  introduced  a  bit  of  zinc-foil,  of  one  inch  by  five-eighths  sur- 
face, weighing  four  grains,  soldered  to  the  edge  of  a  piece  of 
copper  double  the  surface  of  the  zinc.  The  bottom  of  this 
matrass  was  coated  outside  with  tin-foil.  Into  the  other  matrass 
was  introduced  dilute  sulphuric  acid,  one-third  of  which  by  mea- 
sure was  concentrated  acid.  The  two  matrasses,  held  with  their 
necks  horizontally,  were  now  joined  by  melting  at  the  lamp,  so 
that  they  were  perfectly  air-tight.  This  being  done,  and  the 
glass  cold,  the  double  matrass  with  its  tin-foil  coating  was  laid 
on  a  condensing  gold-leaf  electrometei',  and  confined  there  in  an 
insulated  state.  The  double  matrass  behig  now  in  a  vertical 
position,  the  acid  ran  down  into  the  lower  part  which  contained 


concerned  in  the  Phanomena  of  ordinary  Electricity,  ^c.      295 

the  compound  metallic  plate.  The  copper  gave  off  hydi'ogen 
abimdantly,  and  the  zinc  dissolved  in  two  or  three  minutes  en- 
tirely :  there  was  not  sufficient  pressure  of  condensed  hydrogen 
to  burst  the  vessel.     Not  the  sli2;htest  divergence  of  the  gold 

o  o  o 

leaves  resulted ;  yet  such  was  the  dry  state  of  the  atmosphere 
(Feb.  13),  that  a  bit  of  letter-paper  merely  touched  with  the 
hand,  scarcely  rubbed,  caused  the  leaves  to  strike  the  sides  of 
the  electrometer. 

In  this  experiment,  the  lower  matrass  being  coated  outside 
with  tin-foil,  and  the  inside  covered  with  a  liquid  conductor,  the 
whole  is  to  be  considered  a  Leyden  phial  hermetically  sealed,  in 
which  2J:0  millions  of  one-inch  sparks  were  called  into  action. 
As  a  Leyden  phial  can  receive  no  charge  in  the  inside  ^nthout 
manifesting  on  its  outside  a  quantity  of  electricity  equal,  although 
opposite  to  what  it  has  received,  it  follows  that  there  could  have 
been  no  evolution  or  dissipation  of  free  electricity  within  the 
matrass,  as  there  was  no  effect  on  the  gold  leaves  of  the  electro- 
meter. What,  then,  became  of  the  enormous  quantity  of  elec- 
tricity, which,  according  to  Faraday's  estimate,  was  here  ren- 
dered active  ? 

To  this  question  it  may  be  answered,  that  the  electricity  being 
positive  and  negative,  the  two  states  neutralized  each  other  as 
fast  as  generated,  and  hence  there  was  none  in  the  free  state. 

There  was  a  mode,  however,  of  discovering  whether  such  a 
reunion  took  place,  and  a  very  obWous  one.  It  is  a  fact,  that 
in  the  case  of  a  single  voltaic  circle  properly  excited,  like  that 
aboA'e  described,  if  the  pair  of  plates  be  made  to  communicate  by 
a  tine  platinum  wire,  the  current  of  electricity,  in  the  positive 
and  negative  states,  will  pass  from  the  plates  through  the  wires 
in  contrary  directions  ;  and  the  reunion  taking  place  in  the  wii*e, 
it  will,  if  very  short  and  thin,  be  ignited  in  consequence.  Dr. 
Wollaston's  thimble  battery  is  an  instance  on  a  minute  scale : 
his  zinc  plate  was  only  three-quarters  of  a  square  inch ;  the  other 
plate  acted  also  as  the  containing  vessel  for  the  acid,  and  con- 
sisted of  a  silver  thimble  so  far  flattened  that  it  held  the  zinc 
and  the  exciting  liquid.  Small  as  this  voltaic  arrangement  was, 
it  ignited  one-thirtieth  of  an  inch  of  an  exceedingly  fine  platinum 
wire. 

I  therefore  endeavoured  to  test  the  truth  of  the  supposition 
that  the  above-mentioned  enormous  quantity  of  electricity  might 
have  been  developed  in  the  positive  and  negative  states,  and  by 
reunion  in  the  connecting  wire  had  been  neutralized  and  lost.  A 
zinc  plate,  twice  the  length  of  the  former  one,  and  therefore 
weighing  eight  grains,  was  connected  to  a  plate  of  platinum,  of 
about  the  same  surface,  by  means  of  a  platinum  wive  half  an 
inch  long  and  y^^dth  of  an  inch  in  diameter.     This  combination 
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was  introduced  into  a  matrass,  and  so  placed  that  the  two  plates 
stood  vertically,  and  the  wire  horizontally,  when  the  matrass 
lay  on  its  side;  and  in  this  position  the  plates  were  secured  by 
a  little  sealing-wax  previously  adhering  to  their  edges,  and  now 
melted  by  heating  the  glass.  A  quantity  of  dilute  sulphuric 
acid,  of  which  one-third  was  concentrated  acid,  being  introduced 
into  another  matrass  with  a  neck  of  equal  diameter  with  the 
former,  both  necks  were  joined  by  melting  in  a  glass-blowei-^s 
lamp.  This  done,  and  the  glass  cold,  the  end  of  the  double 
matrass  which  contained  the  acid  was  elevated  until  the  acid 
trickled  down  into  that  part  where  the  pair  of  j)lates  was  ce- 
mented, and  covered  about  half  the  height  of  the  plates,  the  com- 
pound vessel  lying  horizontally  on  a  gold-leaf  electrometer,  and 
that  part  of  the  matrass  being  externally  coated  with  tin-foil. 
The  portion  of  zinc  exposed  to  the  acid,  i.  e.  four  grains,  was 
dissolved  in  about  two  minutes  and  a  half;  but  the  platinum 
wii'C  was  not  in  the  most  obscure  degree  reddened,  although 
examined  in  the  dark,  its  length  and  thickness  being  too  great 
for  the  heating  povrer  of  the  voltaic  combination ;  neither  was 
there  the  slightest  effect  on  the  electrometer. 

If,  then,  according  to  the  supposition  which  I  am  endeavour- 
ing to  disprove,  the  electricity  arising  from  the  solution  of  four 
grams  of  zinc,  that  is,  240  milHons  positive  and  negative  of  one- 
inch  sparks,  had  passed  through  the  platinum  wire,  at  the  rate 
of  1,600,000  per  second,  need  it  be  inquired  what  would  have 
become  of  the  wire,  nay,  the  whole  apparatus  and  the  operator  ? 
Van  INlarum,  with  one  discharge  of  the  great  Lcyden  battery, 
consisting  of  225  square  feet  of  coated  glass,  melted  forty  feet 
of  iron  wire  gio^^^  i^^h  diameter*. 

From  both  of  these  experiments  with  hermetically  sealed 
matrasses,  I  infer  that  no  electricity  was  evolved  in  a  free  or  di- 
spersed state  during  the  voltaic  solution  of  four  grains  of  zinc ; 
that  no  such  quantity  of  electricity  as  has  been  supposed,  nor 
the  millionth  part  of  it,  passed  through  the  platinum  wire. 
Where,  then,  arc  we  to  look  for  the  enormous  quantity  of  this 
subtile  fluid  which  is  supposed  to  be  the  result  of  the  voltaic 
solution  of  the  zinc  ?  The  supporters  of  the  doctrine  here  ob- 
jected to  may  maintain  that  the  alleged  quantity  was  really  in 
operation  during  the  separation  of  the  elements  of  the  grain  of 
water  by  four  grains  of  zinc,  but  that  it  was  retained  and  con- 
cealed in  the  constitution  of  the  resulting  gases.  This  seems  to 
be  the  opinion  of  Faraday  :  he  thus  expresses  himself:  "in  the 
combination  of  oxygen  and  hydrogen  to  produce  water,  electric 
powers  to  a  most  enormous  amount  are  for  the  time  activef-^' 

*  Descript.  d'une  tns  r/rande  Much.  Elect,  d  Haarlem.  Prem.  Cont.  p.lO. 
t  Researches,  par.  960. 
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Again,  he  says,  "  I  cannot  refrain  from  recalling  here  the  beau- 
tiful idea  put  forth,  I  believe,  by  Berzelius  in  his  development 
of  his  views  of  the  electro-chemical  theory  of  affinity,  that  the 
heat  and  light  evolved  during  cases  of  powerful  combination  are 
the  consequence  of  the  electric  discharge  (of  positive  and  nega- 
tive electricity)  which  is  at  the  moment  taking  place.  This  idea 
is  in  perfect  accordance  with  the  view  I  have  taken  of  the  quantity 
of  electricity  associated  with  the  particles  of  matter/'  It  may 
be  added  that  this  was  also  the  opinion  of  Sir  H.  Davy.  But  if 
the  electric  discharge  thus  constitute  heat  and  light,  how-  comes 
it  to  pass,  that  in  the  case  of  the  small  galvanic  conductor  just 
alluded  to,  the  240  millions  of  one-inch  sparks  condensed  into 
heat  and  light  (that  is  fire)  did  not  boil  and  evaporate  the  water, 
melt  the  connecting  wires,  and  destroy  the  whole  apparatus  ? 

All  this  should  happen  unless  it  be  supposed  that  the  evolved 
electricities  enter  into  the  composition  of  the  resulting  gases ; 
and  that  they  do  not  will  presently  appear.  If  it  be  conceded,  that 
when  a  drop  of  water  is  resolved  by  electricity,  and  of  course  by 
any  other  means,  into  its  constituent  gases,  the  gaseous  mixture, 
amounting  to  7863  cubic  inches,  holds  associated  with  it  elec- 
tricity to  the  amount  of  240  millions  of  one-inch  sparks ;  and 
if  it  be  admitted  that  when  the  two  gases  recombine  to  form  a 
grain  of  water,  the  two  electricities  or  electric  states,  by  their 
neutralization,  produce  the  flash  and  explosion,  these  ought  to 
amount  to  a  flash  of  lightning  and  a  clap  of  thunder,  instead  of 
the  bright  little  flame  and  trivial  ci-ack  which  the  detonation  of 
seven  or  eight  cubic  inches  of  mixed  oxygen  and  hydrogen  pro- 
duce when  they  are  burnt.  Really  this  is  not  an  exaggerated 
conclusion.  Professor  Faraday  himself  everyv/here  compares  the 
electricity  of  a  drop  of  water  to  a  flash  of  lightning,  and  surely 
I  have  a  right  to  add  the  clap  of  thunder  as  a  natural  con- 
sequence. 

But  there  is  another  difficulty  in  the  way  of  the  theory  beside 
that  of  accounting  for  the  disappearance  of  the  electricity,  atleged 
to  be  equal  to  240  millions  of  one-inch  sparks,  which  is  said  to 
be  concerned  in  the  decomposition  of  one  grain  of  water  by  four 
grains  of  zinc,  and  which  I  have  endeavoured  to  prove  in  my 
two  experiments  to  be  neither  dissipated,  nor  reunited  in  the 
wire,  nor  combined  in  the  resulting  mixture  of  oxygen  and  hy- 
drogen. Professor  Faraday  lays  down  as  an  essential  principle, 
that  "  the  electricity  which  decomposes,  and  that  which  is  evolved 
by  the  decomposition  of  a  certain  quantity  of  matter,  are  alike*.'' 
He  conceives  that  during  the  action  of  a  voltaic  combination, 
consisting  of  two  metals,  on  acidulated  water,  such  as  I  employed 
in  my  two  experiments,  the  electricity  evolved  dming  the  oxida- 
*  Researches,  par.  868,  et  alibi. 
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tion  of  the  zinc  is  that  which  decomposes  the  water*,  aud  "is 
simply  cmjjloycd  in  ovcrcominii:  electrical  })owers  in  the  body 
(water)  subject  to  its  action  :"  "the  quantity  of  electricity  is  de- 
pendent upon  the  quantity  of  zinc  oxidizcdf ; "  and  he  conceives 
"^  that  the  quantity  which  passes  is  the  equivalent  of,  and  there- 
fore equal  to  that  of  the  ])articles  sejjarated ;  i.  e.  that  if  the 
electrical  power  which  holds  the  elements  of  a  grain  of  water  in 
combination,  or  which  makes  a  grain  of  oxygen  and  hydrogen 
in  the  right  proportions  unite  into  water  when  they  arc  made  to 
combine,  could  be  thrown  into  a  current,  it  would  exactly  equal 
the  current  required  for  the  sej)aratiou  of  that  grain  of  water 
into  its  elements  again."  Elsewhere  he  says,  "considering  the 
definite  relations  of  electricity  as  developed  in  the  ])receding 
parts  of  the  present  paper,  the  results  prove  that  the  quantity  of 
electricity,  which,  being  naturally  associated  with  the  particles 
of  matter,  gives  them  their  combining  power,  is  able  w  hen  thrown 
into  a  current  to  separate  those  particles  from  their  state  of  com- 
bination ;  or  in  other  w^ords,  that  the  electricity  which  decom- 
poses, and  that  which  is  evolved  by  the  decomposition  of  a  cer- 
taui  quantity  of  matter,  are  alike."  I  must,  however,  observe, 
that  he  has  elsewhere  made  statements  which  have  caused  me 
much  embarrassment  in  my  unsuccessful  endeavours  to  reconcile 
them :  no  doubt  a  fuller  exposition  on  his  part  would  have  re- 
mo\ed  all  difficulties  of  this  kind.  As  it  is,  I  have  no  other 
course  left  than  to  reason  upon  the  different  results  Avhich  flov? 
from  the  passages  above  quoted,  and  arc  reiterated  in  other  parts 
of  his  Researches. 

Thus,  in  the  decomposition  of  a  grain  of  water,  the  electricity, 
which  being  identical  with  affinity,  had  held  the  oxygen  aud 
hydrogen  iu  combination,  is  evolved;  but  it  must  have  been 
evolved  by  the  power  of  an  equal  quantity  of  electricity  produced 
by  the  oxidation  of  the  four  grains  of  zinc,  aud  acting  as  a  cur- 
rent through  the  water.  If  the  decomposition  had  been  effected, 
as  stated,  by  the  equivalent  of  240  millions  of  one-inch  sparks, 
Vie  have  480  millions  of  such  sparks  to  account  for.  Where  is 
this  enormous  quantity  of  electricity  to  be  detected  ?  It  cannot 
in  my  experiment  have  escaped  out  of  the  glass  vessel ;  nor  can 
it  have  remained  in  the  resulting  gases  as  a  part  of  their  consti- 
tution :  it  cannot  have  disappeared  by  neutralization  of  the  two 
states,  positive  and  negative,  of  which  it  consists;  for  in  that 
case  heat  to  an  incredible  amount  must  have  been  generated,  the 
rcsvdt  of  such  an  union  being,  as  Faraday  admits,  tire,  i.  e.  light 
aud  heat  (868.).  The  amount  of  this  heat  may  be  judged  from 
the  quantity  of  iron  which  two  flashes  of  lightning  would  be 
capable  of  melting  or  igniting,  for  such  would  be  the  equivalent 
*  Researches,  par.  868,  ef  a//6/.  t  lUcl.  919. 
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according  to  his  own  calculation.  If  the  ten-thousandth  part  of 
any  such  heat  were  generated  in  my  experiment,  what  would 
have  become  of  the  whole  apparatus  ? 

Or  even  if  we  admit  that  the  current  consists  of  electi-icity 
which  had  previously  existed  in  the  water,  associated  with  the 
particles  of  oxygen  and  hydrogen  as  their  natural  chemical  affi- 
nity, for  such  Faraday  views  them,  then  the  two  electricities 
must  have  passed  through  the  metals,  as  he  admits,  and  should 
have  destroyed  them.  Again,  if  the  two  electricities  did  not 
pass,  why  was  the  minute  wire  in  Wollaston^s  thimble  battery 
ignited  ?  and  this  wire  being  ignited,  why  was  not  the  water 
in  my  experiment  heated  to  ebullition  or  total  evaporation  ?  In 
short,  it  w^ere  endless  to  express  the  objections  which  seem  to 
beset  this  doctrine  of  the  enormous  qxiantity  of  electricity  asso- 
ciated with  the  particles  of  matter,  and  which  is  indispensable 
to  the  hypothesis  that  quantity  of  electricity  at  a  low  intensity 
is  capable  of  explaining  all  voltaic  phrenomena. 

I  hope  that  I  have  not  misconceived  Professor  Faraday's  views. 
Free  to  confess  that  I  labour  under  the  disadvantage  of  not 
wholly  comprehending  some  of  his  opinions,  I  account  for  it  by 
the  fact,  which  he  himself  avows,  that  his  doctrine  is  as  yet  in- 
complete. To  guard  as  much  as  possible  against  misrepresen- 
tation, I  have  quoted  his  words,  and  have  used  them,  as  far  as  I 
could  judge,  in  the  sense  therein  implied^j  although  I  am  aware 
that  other  passages  might  be  selected  from  the  "  Researches,"  to 
reconcile  which  some  additional  helps  from  the  author  would  be 
required. 

[To  be  continued.] 


XLIII.   On  the  Heat  of  Chemical  Combination. 
By  Thomas  Woods,  M.D. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen,  Parsoilstown,  Feb.  1852. 

I  SHALL  be  obliged  by  your  allowing  the  following  to  appear 
as  an  appendix  to,  or  rather  as  a  correction  of  an  error  in, 
my  paper  on  the  cause  of  the  Heat  of  Chemical  Combination 
published  iu  this  jiagazine  last  January. 

In  some  preliminary  remarks  on  the  changes  W'hich  take  place 
in  a  heating  or  cooling  body,  I  endeavoured  to  show  that  attrac- 
tion and  repulsion  between  particles  are  not  necessary  to  explain 
either  expansion  or  contraction,  if  the  law  of  virtual  velocities  be 
extended  to  those  opposite  movements  which  simrdtaneously 
occur ;  and  that  the  expansion  in  one  body  is  the  compensation 
for  the  contraction  in  another ;  or  that  the  quantity,  so  to  speak, 
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of  proportionate  volume  in  matter,  or  heat  is  always  the  same,  and 
can  neither  be  increased  or  diminished.  Having  referred  to  an 
experiment  which  shows  that  the  nearer  the  particles  of  a  body 
are  to  each  other,  the  greater  the  effect  they  have  in  compensating 
an  expansion  or  contraction  in  another,  I  endeavoured  to  show 
that  this  law  holds  good,  not  in  some,  but  in  all  states  in  which 
a  body  may  be  placed.  And  I  did  so  for  this  reason ;  that  as  it 
is  generally  imagined,  the  expansion  of  a  body  when  its  particles 
are  more  widely  separated  is  greater  than  when  they  are  more 
nearly  together,  because  attraction  has  to  a  certain  extent  been 
overcome,  if  I  could  show  that  in  those  conditions  of  matter 
where  attraction  is  not  said  to  exist  the  same  law  was  followed, 
it  would  argue  that  attraction  is  not  necessary  for  the  explana- 
tion. To  prove  this  point,  I  showed  that  liquids  change  into 
vapours  with  an  amount  of  expansion  which  is  inversely  as  their 
atomic  volume,  or  a  multiple  of  it ;  and  argued  that,  as  in  a 
certain  bulk  of  atoms  and  space,  the  smaller  the  atom  tlie  larger 
the  space,  so  the  larger  the  space,  or  the  greater  the  expansion 
already  existing  in  the  liquid  state,  the  greater  the  subsequent 
expansion  into  vapour;  but  when  liquids  are  expanding  into 
vapour,  attraction  is  not  said  to  exist. 

In  proving  that  the  same  occurs  when  solids  change  into 
liquids,  I  said  the  amount  of  expansion  could  not  be  measured; 
I  mean  the  amount  of  expansion  between  the  atoms,  because 
crystallization,  &c.  influenced  the  result ;  but  as  Person  has 
shown  that  the  latent  heat  of  vapours  is  proportionate  to  their 
amount  of  expansion  from  the  liquid  state,  I  proposed  to  use  the 
quantity  of  heat  rendered  latent  when  a  solid  becomes  a  liquid 
to  express  the  atomic  expansion  that  at  the  same  time  occurs, 
and  thus  find  whether  in  this  ease  also  the  expansion  depended 
on  the  atomic  volume.  I  here  stated,  that  Person  says  the 
latent  heat  depended  on  the  height  of  the  fusing-point ;  and 
this  is  the  error  I  wish  to  correct :  not  so  much  that  it  would 
materially  affect  my  theory,  but  that  when  I  discovered  my  mis- 
take, and  reasoned  on  the  formula  that  Person  really  gives,  I 
saw  it  proved  clearly,  that  the  expansion  occurring  when  a  solid 
changes  to  a  liquid  is  influenced  as  to  extent  precisely  as  that  of 
a  liquid  when  it  becomes  a  vapour ;  and  that  the  amount  of  this 
expansion  in  both  cases  is  inversely  as  the  atomic  volume  taken  in 
connexion  with  the  boiling-  and  fusing-point. 

Person  shows  {Comptes  Rendus,  vol.  xxiii.  pp.  327,  524),  that 
if  the  temperature  of  the  fusing-point  of  any  body  be  increased 
by  160'^  C,  and  the  result  be  multiplied  by  the  dififerenee  of  the 
specific  heat  in  the  solid  and  liquid  state,  the  product  will  be 
equal  to  the  latent  heat.  His  formida  is  (160  +  /)  x  8  =  L; 
where  t  is  the  temperature  of  the  fusing-point^  h  the  difi"creuce 
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of  specific  heat  in  tlie  solid  and  liquid  state,  and  L  the  latent 
heat.  Now  as  Dulong  and  Petit  show  that  the  atomic  weight 
is  as  the  specific  heat,  we  may  substitute  one  for  the  other, 
and  in  the  formula  call  the  specific  heat  a ;  and  as  the  spe- 
cific heat  increases  with  the  expansion,  in  different  states  of  a 
body  it  will  be  inversely  as  the  specific  gravity,  or  nearly  so. 
Therefore  we  may  say  that  the  specific  heat  of  a  body  in  the 

solid  and  liquid  state  may  be  called  -y  and  -,  where  s  and  s'  re- 
present the  specific  gravity  of  the  solid  and  liquid  respectively. 

Then  the  8  of  Person^s  formula  may  be  replaced  by  — .    But 

s'  is  s  divided  by  the  expansion  of  the  body  from  the  solid  to  the 
liquid  state ;  and  as  we  are  taking  L  (or  the  latent  heat)  to  re- 
present that  quantity,  therefore  —  =  -,  or  — .  Using  this  in 
the  formula,  we  get  L 


(16O  +  0  X  —  -  -  =L,  or  (lGO  +  0  x  -  =  ^i:. 
'        s         s  s        L— 1 

But  as  the  greater  j — ^  ^^) — ^^^  consequently  -  which  re- 
presents the  atomic  volume — the  less  L  is ;  therefore  for  a  given 
temperature  connected  with  the  fusing-jmint,  the  greater  the  eocjMn- 
sion  from  the  solid  to  the  liquid  state  the  less  is  the  atomic  volume. 
If  in  the  change  from  a  solid  to  a  liquid  state  the  amount  of 
expansion  were  only  due  to  atomic  movement,  that  is,  if  crystal- 
lization or  other  structural  arrangements  did  not  cause  masses  to 
change  relative  places,  L  or  the  latent  heat,  and  the  expansion 
would  be  equal,  as  in  the  case  of  liquids  becoming  vapours ;  but 
on  account  of  these  arrangements,  L  and  the  expansion  can  be 
only  approximations.     Therefore  in  the  subjoined  table,  where 

T 
L  is  calculated  by  means  of  the  formula  (160  +  /)  x  -  =  j — y, 

it  is  not  meant  to  give  the  latent  heat  accurately,  but  merely  to 
show  that  the  principle  of  the  substitution  used  above  is  correct. 
The  numbers  representing  the  latent  heat  are  taken  from  Per- 
son's paper,  as  are  also  the  fusing-points ;  the  atomic  volumes 
from  Plaj^fair  and  Joule's  memoir  published  in  the  Transactions 
of  the  Chemical  Society. 
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Name  of  substance. 

Fusinp;-point  plus  l6o°  C. 
multiplied  tiy  atomicvolumc. 

Latent  heat  divided  by 
latent  heat  minus  1. 

(i6o+/)  " 

L 

L-1 

Till      

235  +  160x81=319i» 
270+160x7-2  =  3096 
423+160x4-7  =  2720 
44+160x17- =  3468 
320+100x9-  =4320 
160x9-8  =  1568 

14 

13 

12i 

llj 

27^ 

26  \ 

4-7 

3-7 

5 

4 
65 
64 

2970 
2969 
2700 
2730 
3456 
1544 

Bismuth 

Zinc    

Phosphorus     

Lead      

Ice  

If  L,  the  latent  heat,  were  always  equal  to  the  expansion,  the 
numbers  in  the  last  column  should  he  equal,  or  multiples  of  each 
other :  but  I  do  not  say  it  is  equal  to  the  expansion,  it  only  ap- 
proximates. In  the  case  of  ice,  the  table  shows  the  expansion 
from  the  solid  to  the  liquid  state  is  only  half  what  is  represented 
by  the  latent  heat.  And  this  is  evidently  what  is  to  be  expected ; 
for  the  contraction  between  7nosses,  so  to  speak,  whereby  water 
is  rendered  heavier  than  ice,  is  opposed  to  the  atomic  expansion. 
In  the  case  of  lead,  on  the  contrary,  the  expansion  is  somewhat 
greater.  But  generally  the  numbers  show  that  the  substitution 
of  the  atomic  expansion  for  the  latent  heat  would  be  correct  if 
we  knew  exactly  the  amount.  And  therefore  it  is  proved,  that 
as  in  the  expansion  of  liquids  into  vapours,  so  in  the  expansion  of 
solids  into  liquids,  the  amount  of  that  expansion  is,  ivhen  taken  in 
connexion  vith  the  fusing -point,  inversely  as  the  atomic  volume  or 
a  midtij^le  of  it ;  from  which  I  deduce,  that  as  the  less  the  atom 
is  the  greater  is  the  space,  so  the  greater  the  expansion  existing 
between  the  ])articles  of  matter,  the  greater  the  subsequent  ex- 
pansion in  all  cases  for  a  given  contraction  in  another  body. 

But  in  the  foi-mula  (160  +  /)  -  =  .  ^  .,,  the  less  either  factor 

s       L  — 1 

in  the  left-hand  side  of  the  equation,  the  greater  is  L ;  and  as 

the  greater  the  expansion  of  a  body  is  the  less  number  of  degrees 

of  heat  we  must  suppose  it  would  require  to  be  raised  to  its 

fusing-point,  so  the  smaller  /  is,  the  greater  we  may  take  the 

expansion  among  its  particles  in  the  solid  state  to  be ;  therefore 

from  whatever  other  cause,  as  well  as  the  smallness  of  the  atomic 

volume,  a  greater  expansion  in  the  solid  state  exists,  the  greater 

will  be  the  expansion  of  the  body  from  that  condition  to  the 

liquid. 
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The  foUowdng  explanation  of  expansion  taking  place  in  an  in- 
creasing ratio  does  not  require  the  supposition  of  a  force  gra- 
dually decreasing  between  the  atoms.  Instead  of  an  action 
being  exerted  from  particle  to  particle,  let  the  operating  cause 
of  expansion  and  contraction  be  from  one  body  to  the  other,  and 

let  the  bodies  be  represented  by  the  ^ g 

lines  AB  and  CD.     Now  if  a  point 

P  be  taken  in  the  centre  of  the  figure, 

and  that  in  the  opposite  movements  •  P 

of  expansion    and    contraction    the 

operating  cause  be  represented  by  a       

line  passing  from   one  body  to  the 

other,  and  that  this  line  be  always  at  right  angles  to  a  line  drawn 
from  P,  which  point  P,  like  the  centre  of  gravity  in  a  system  of 
bodies  moving  equally  in  opposite  directions  does  not  change  its 
place,  the  amount  of  expansion  and  contraction  will  be  shown 
to  be  in  an  increasing  ratio.    Let  the  figure  be  completed.    Join 

B  and  D.     Then  BD  represents  the 3         ^ 

operating  cause  which  preserves  the 
bodies  relatively  equal.  It  is  at 
right  angles  to  PT.  Now  let  AB 
expand  and  CD  contract.      If  the  "\ 

operating  cause  pass  still  from  one  to  ^v, 

the  other  at  right  angles  to  an  equal 
line  drawn  from  P,  suppose  PT',  then        '  6  6'  g 

BF  the  increase  is  larger  than  GD  the  decrease ;  and  by  drawing 
in  the  same  way  other  lines  of  force  from  one  body  to  another, 
if  they  always  pass  at  right  angles  to  a  line  drawn  from  P,  it  can 
be  shown  that  the  amount  of  expansion  will  be  a  constantly  in- 
creasing quantity. 

It  is  evident  that  if  a  number  of  lines  are  thus  dra^n,  the 
locus  of  their  intersections  (PT  with  FG,  &c.)  will  be  the  circum- 
ference of  a  circle.  Hence,  as  in  the  action  of  masses  on  each 
other — attraction — the  operating  cause  has  reference  to  a  centre ; 
in  the  case  of  expansion  and  contraction,  or  the  phsenomena  of 
heat,  it  may  be  said  to  have  reference  to  the  circumference. 

If  C  and  D  represent  two  dissimilar  particles  which  can  che- 
mically unite,  brought  together  at  an  insensible  distance,  so  as  to 
form  one  body,  and  that  combination  takes  place  between  them 
so  as  to  bring  them  to  the  points  0  and  0',  by  drawing  lines 
from  these  points  at  right  angles  to  a  line  equal  to  PT,  we  should 
see  how  greatly  A .  B,  the  body  which  compensates  by  its  expan- 
sion for  the  coming  together  or  contraction  of  CD,  must  be  ex- 
panded or  heated ;  and  this  is  the  theory  I  advance  to  account 
for  the  cause  of  the  heat  of  chemical  combination. 
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Dec.  IS,  npHE    following  papers  were  read  : — 

1851.  -*  "A  Proof  (by  means  of  a  series)  that  every  Number 
is  composed  of  4  Square  Numbers,  or  less,  without  reference  to  the 
properties  of  Prime  Numbers."  By  Sir  Frederick  Pollock,  Lord 
Chief  Baron,  F.U.S.  &c. 

The  paper  contains  a  proof,  that  if  every  number  of  the  form 
8h4-4  is  composed  of  4  odd  squares,  then  every  number  whatever 
must  be  composed  of  4  square  numbers  or  less  ;  also  a  jiroof  of  the 
converse  of  this,  viz.  that  if  ever)'-  number  is  composed  of  4  square 
numbers  or  less,  then  every  number  of  the  form  8«  +  4  must  be  com- 
posed of  4  odd  squares. 

It  is  then  proposed  to  show  that  every  number  of  the  form  8ft +  4 
is  composed  of  4  odd  squares,  by  taking  a  number  of  the  form  8w4-4, 
viz.  an  odd  square  -\-Z,  and  showing  that  8ft +  4  in  that  case  is 
divisible  into  4  odd  squares  (other  than  the  odd  square  and  1,  1,  1); 
thus  lCft-+8ft+l  is  a  form  that  includes  every  q^d  square,  and 
16ft-+ 8ft +4  is  divisible  into  y^:,(,  ., 

4w2-f.4re-|-l, 

4«-+4m+1, 
4n-Hr4«+l, 
4ft-H:4ft+l. 

8  is  then  added,  and  the  sum  is  shown  to  be  still  divisible  into  4  odd 
squares ;  and  again  8,  and  so  on,  until  by  successive  additions  of 
8  +  8  +  8,  &c.,  the  quantity  added  to  lGft-+8ft  becomes  equal  to  the 
original  term  with  which  the  operation  commenced.  The  odd 
squares  +3  form  the  series  4,  12,  28,  52,  84,  &c. ;  and  if  the  suc- 
cessive additions  reach  the  third  or  some  higher  term,  and  also  if 
the  sum  added  to  16ft'-+8ft  be  equal  to  the  term  with  which  tlie 
operation  commenced,  it  is  contended  the  following  term  may  be 
attained,  and  so  on,  and  every  number  of  the  form  8«  +  4  will  be 
composed  of  4  odd  squares.  The  paper  concludes  by  a  suggestion 
that  the  method  is  ai)plicable  to  several  other  similar  problems. 

2.  "  Observations  on  the  Structure  and  Connexion  of  the  Valves 
of  the  Human  Heart."  By  W.  Savory,  Esq.  Communicated  by 
Edward  Stanley,  Esq.,  F.B.S. 

The  paper  contains  observations  upon  the  structure  and  connections 
of  the  auriculo- ventricular  and  arterial  valves  of  thehuman  heart,  which 
the  author  thinks  will  assist  in  explaining  their  nature  and  functions. 

The  relation  of  the  "  four  orifices  "  in  the  base  of  tlie  heart  is  ex- 
amined, and  it  is  shown  that  the  aortic  and  left  auriculo-ventricular 
apertures  are  not  separated  as  the  others  arc ;  that  no  muscular 
tissue  of  the  ventricle  intervenes  between  them,  but  that  when  the 
auricles  and  great  vessels  are  separated  fi^om  the  ventricles  (which 
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maybe  accompliijhecl  with  facilit)- after  prolonged  boiling),  the  aortic 
aperture  is  separated  from  the  left  auriculo-ventricular  only  by  the 
anterior  mitral  valve  ;  and  when  this  is  removed  (or  even  while  it  re- 
mains), it  is  plainly  seen  that  only  one  aperture  exists  whose  borders 
are  formed  by  the  muscular  tissue  of  the  ventricle,  and  in  shape 
somewhat  resembling  the  figure  8.  This  is  divided  into  two  por- 
tions, an  anterior  (aortic)  and  posterior  (auriculo-ventricular)  bv  the 
anterior  mitral  valve,  and  aliove  it,  by  the  posterior  wall  of  the  aorta, 
into  which  is  inserted  a  large  portion  of  the  anterior  wall  of  the  left 
auricle,  but  no  muscular  tissue  of  the  ventricle  intervenes. 

When  the  auricles  and  vessels  are  removed,  it  is  seen  that  the 
three  orifices  are  bounded  by  thick  and  convex  borders  formed  by 
the  bases  of  the  ventricles.  Those  on  the  left  side  are  broadest ; 
the  difference  between  the  two  sides  coiTesponding  with  the  differ- 
ence in  thickness  between  the  walls  of  the  ventricles.  The  forma- 
tion of  these  muscular  borders,  and  the  general  arrangement  and 
direction  of  the  muscular  fibres  at  these  parts,  are  examined.  The 
fibres  forming  the  walls  of  the  ventricles  converge  around  these 
apertures.  The  most  superficial  fibres  may  be  traced  up  from  the 
walls  of  the  ventricles,  curving  obliquely  over  the  convex  border, 
and  having  their  extremities,  for  the  most  part,  fixed  around  the 
orifices.  We  may  remove  these  fibres  layer  after  layer,  and  still 
find  the  same  aiTangement  to  obtain,  the  deeper  fibres  lying  more 
transversely  and  obliquely  intersecting  those  above  and  below. 

If  now  the  auricles  and  great  vessels  which  have  been  detached  are 
replaced  in  their  natural  situation,  it  is  obsen'ed  that  the  auricles 
are  connected  with  the  inner  surface  of  these  convex  borders,  while 
the  walls  of  the  vessels  pass  down  on  to  the  outer  surface.  This 
fact  is  an  important  one  when  ^^ewed  in  connection  with  the  valves, 
and  will  be  presently  considered.  In  the  mean  time  it  may  be  re- 
marked, that  the  formation  of  the  auriculo-ventricular  grooves  in 
which  the  coronary  vessels  lie,  is  explained.  These  vessels  are 
found  in  the  angle  between  the  border  of  the  ventricles  and  the  wall 
of  the  auricles. 

The  nature  of  the  fibrous  zones  or  tendinous  circles  suiTOunding 
the  orifices  is  examined.  These  rings  are  in  especial  relation  with 
the  valves,  being  closely  connected  with  their  attached  bases,  and 
are  not  such  distinct  and  independent  structures  as  they  have  been 
hitherto  considered.  After  referring  to  some  previous  descriptions 
of  the  arterial  tendinous  rings,  the  author  attempts  to  show  that 
what  has  been  described  as  the  upper  and  thickened  festooned  border, 
is  the  result  of  the  attachment  of  the  bases  of  the  valves  to  the  arte- 
rial coat,  and  is  formed  by  an  intimate  union  of  the  fibrous  tissue 
composing  the  valves  with  the  elastic  coat  of  the  artery, 

(1)  These  festooned  borders  correspond  exactly  with  the  attached 
bases  of  the  valves,  and  hence  their  shape.  (2)  They  are  thickest  and 
most  strongly  marked  at  the  angle  formed  by  the  junction  of  two 
valves,  to  which  point  the  bands  of  fibrous  tissue  in  the  valves  con- 
verge. (3)  The  microscope  shows  these  festooned  rings  to  be  com- 
posed of  a  mixture  of  the  white  fibrous  with  the  yellow  elastic  tissue, 
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an  arrangement  naturally  to  be  expected  from  an  intimate  union  of 
the  tendinous  tissue  of  the  valve  with  the  arterial  coat. 

The  structure,  connexions  and  relations  of  tlie  valves  is  examined 
chieriy  by  means  of  vertical  sections  carried  through  their  centres 
and  adjacent  parts.  Such  sections  of  the  arterial  valves  disclose  an 
important  relation  which  they  have  with  the  upper  border  of  the 
ventricles.  The  aorta  and  pulmonary  artery,  expanding  towards 
their  termination,  arc  situated  upon  the  outer  edge  of  the  ventricular 
border  before  described ;  the  consequence  of  which  arrangement  is, 
that  the  portion  of  valve  adjacent  to  the  vessel  ])asses  over  and  rests 
upon  the  muscularsubstance,and  is  supported  upon  the  inner  border  of 
the  free  edge  of  the  ventricles  surrounding  the  arterial  orifices.  This 
arrangement,  in  consequence  of  the  small  size  of  the  i)arts,  is  not  so 
obvious  at  the  first  glance  in  the  human  heart,  but  is  more  strikingly 
shown  in  an  examination  of  the  heart  of  any  one  of  the  larger 
animals.  This  appears  of  importance  when  viewed  in  connexion 
with  the  functions  of  the  valves.  The  reflux  of  the  blood  is  said  to 
be  sustained  by  the  festooned  rings  at  the  base  of  the  valves,  but  in 
fact  they  are  thinnest  at  this  very  part,  corresponding  to  the  central 
portion  of  the  convexity  of  the  valves ;  and  if  the  description  pi'e- 
viously  given  of  the  formation  of  the  tendinous  festooned  rings  be  a 
correct  one,  it  is  obvious  why  it  is  so,  the  thicker  portions  being  the 
projecting  angle  at  the  junction  of  two  valves,  to  which  points  the 
tendinous  fibres  of  the  valves  converge.  Now,  inasmuch  as  the  pos- 
terior portion  of  the  aortic  orifice  is  continuous  with  the  left  auri- 
culo-ventricular  aperture,  no  muscular  tissue  of  the  ventricle  existing 
at  this  jiart,  the  posterior  aortic  valve,  and  a  portion  of  the  adjacent 
one,  have  no  support  of  this  kind  ;  but  the  muscular  floor  of  the  an- 
terior aortic  valve  is  especially  broad,  and  it  is  the  corresponding 
portion  of  the  aorta  which  is  particularly  dilated,  the  posterior  wall 
descending  nearly  vertically.  The  arrangement  above  described  ob- 
tains in  all  three  pulmonary  valves ;  but  as  the  border  as  well  as  the 
walls  of  the  right  ventricle  are  considerably  thinner  than  those  of  the 
left,  the  muscular  floor  of  these  valves  is  much  narrower  than  in 
the  anterior  aortic  valve.  All  this  is  of  course  seen  on  a  much 
larger  scale  in  the  hearts  of  the  larger  animals,  as  the  Horse  and 
Ox ;  and  here,  where  the  muscular  floor  of  the  valves  (more  espe- 
cially the  anterior  aortic)  is  of  very  considerable  breadth,  the  ten- 
dinous tissue  of  the  valve  may  be  traced  over  the  muscular  surface 
to  form  the  wall  of  the  vessel. 

In  the  larger  Ruminants  there  are  found  two  considerable  por- 
tions of  bone,  partly  surrounding  the  orifice  of  the  aorta  ;  and  smaller 
irregular  fragments  are  occasionally  observed  between  the  principal 
pieces.  The  larger  portions  vary  much  in  size  and  shape  in  difl^erent 
hearts  even  of  the  same  species.  They  are  usually  elongated  and 
curved.  The  chief  bone,  which  exceeds  the  other  considerably  in 
size,  embraces  the  whole  of  the  right  side,  and  the  right  half  of  the 
back  j)art  of  the  orifice  of  the  aorta ;  while  the  little  bone,  not  gene- 
rally found  in  the  smaller  Ruminants,  as  the  Sheep,  its  place  being 
occupied  by  a  portion  of  dense  fibrous  tissue,  extends  from  the  middle 
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of  the  left  side  round  to  the  posterior  part,  where  it  more  or  less 
nearly  joins  the  extremity  of  the  larger  bone.  Thus  the  lateral  and 
posterior  portions  of  the  aortic  orifice  are  surrounded  by  firm  bony 
arches  meeting  posteriorly  in  the  centre.  From  the  large  bone,  a 
small  process  usually  passes  baclnvards  for  some  distance  into  the 
muscular  substance  of  the  septum  between  the  ventricles,  and  is 
gradually  lost  in  the  dense  fibrous  tissue  found  in  this  part,  sur- 
rounding the  right  border  of  the  left  auriculo-ventricular  aperture  ; 
and  from  the  convex  surface  of  the  smaller  portion,  a  thin  process  of 
dense  fibrous  tissue  is  continued  round  the  left  margins  of  the  auri- 
culo-ventricular orifice.  These  heart-bones  are  intimately  connected 
above  with  the  middle  coat  of  the  aorta,  on  the  inner  surface  with 
the  base  of  the  adjacent  arterial  valves,  and  posteriorly  with  the  an- 
terior mitral  valve ;  while  at  the  sides,  to  their  external  and  inferior 
surfaces,  the  muscular  fibres  of  the  ventricle  are  attached.  They 
may  be  seen  and  felt  in  the  base  of  the  pouches  formed  by  the  two 
posterior  aortic  valves,  and  no  doubt  greatly  assist  in  sustaining  the 
"  force^of  the  reflux."  They  occupy  the  position  of  the  two  posterior 
festoons  of  the  aortic  valves.  In  the  human  heart,  in  the  situation 
corresponding  to  the  position  of  these  heart-bones,  the  tissue  com- 
posing the  festooned  I'ings  is  thicker  and  denser  than  elsewhere, 
offering  to  the  knife,  in  some  cases,  almost  the  resistance  of  bone. 
The  processes  of  dense  fibrous  tissue  found  in  the  anterior  portion 
of  the  border  of  the  ventricular  septum,  &c.,  and  extending  round 
the  right  and  left  margins  of  the  auriculo-ventricular  orifice,  are  in- 
timately connected  with  the  thickened  portions  of  the  adjacent 
festoons. 

Among  the  tissues  entering  into  the  structure  of  the  arterial  valves, 
elastic  fibres  are  described.  They  exist  not  only  in  the  corpus 
arantii,  but  delicate  fibres  of  elastic  tissue  are  found  throughout  the 
valve ;  most  abundantly  in  the  thicker  portions,  but  even  in  the 
thinner  portions  (lunulse)  a  few  delicate  but  well-marked  elastic 
fibres  may  be  seen,  particularly  after  the  addition  of  acetic  acid, 
which  of  course  assists  greatlj"  in  bringing  them  into  view. 

Muscular  fibres  have  not  been  found  in  the  arterial  valves. 

The  structure  and  connexions  of  the  auriculo-ventricular  valves 
are  next  examined  by  means  of  vertical  sections.  In  tracing  down 
the  muscular  wall  of  the  auricle,  it  is  observed  to  pass  on  to  the 
inner  surface  of  the  ventricular  border,  and  if  minutely  examined  is 
seen  to  terminate  by  two  attachments.  The  external  portion,  which 
is  considerably  the  larger,  is  closely  connected  with  the  fibrous 
structure  forming  the  "  auriculo-ventricular  ring,"  while  the  thinner 
internal  portion  is  continued  forwards  for  a  very  short  distance  be- 
tween the  surfaces  of  the  valve,  and  terminates  more  or  less  abruptly 
by  an  attachment  to  its  tendinous  tissue.  This  is  generally  best 
seen  in  one  of  the  tricuspid  valves,  where,  in  a  vertical  section,  the 
muscular  fibres  may  be  observed  terminating  beneath  its  upper  sur- 
face immediately  beyond  its  attachment  to  the  ring.  In  the  posterior 
mitral  valve  the  muscular  fibres  seldom  penetrate  so  far  forwards, 
and  this  appears  to  result,  when  a  section  of  the  parts  is  examined, 
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from  the  much  greater  thickness  and  density  of  the  lining  membrane 
of  the  left  auricle. 

The  connexions  of  the  anterior  mitral  valve,  being  peculiar,  re- 
quire a  separate  consideration.  In  dissecting  down  between  the 
anterior  wall  of  the  left  auricle  and  the  posterior  surface  of  the 
aorta,  it  is  seen  that  the  central  fibres  of  the  auricular  wall  are  closely- 
attached  to  the  adjacent  wall  of  the  vessel.  A  little  further  dissec- 
tion on  either  side  will  show  that  the  muscular  substance  of  the  left 
ventricle  is  deficient  between  these  parts.  At  the  sides  indeed  it  is 
found,  but  is  gradually  lost  at  some  distance  from  the  mesial  line. 
Hence  these  two  orifices  (the  aortic  and  left  auriculo-ventricular) 
are  not  separated  as  the  others  are  by  the  intervention  of  the  muscular 
fibres  of  the  ventricle.  The  structure  and  connexions  of  the  ante- 
rior mitral  valve  are  examined  by  means  of  a  vertical  section,  in- 
cluding the  posterior  wall  of  the  aorta  and  the  anterior  wall  of  the 
left  auricle.  If  the  lining  membrane  of  the  auricle  be  traced  down- 
wards, it  is  found  to  be  directly  continued  on  to  the  posterior  surface 
of  the  valve,  and  the  membrane  on  the  anterior  surface  of  the  valve 
is  continued  upwards  over  the  tendinous  festooned  ring  of  the  aorta, 
on  to  the  under  surface  of  its  semilunar  valves.  The  anterior  mitral 
valve  lies  beneath  a  portion  of  the  two  posterior  arterial  valves. 
The  muscular  wall  of  the  auricle  is  observed  to  terminate  by  two 
distinct  insertions.  The  anterior  (the  larger)  division  of  fibres  is 
attached  to  the  posterior  surface  of  the  aorta,  opposite  to,  and  belov/ 
the  festooned  ring,  while  the  posterior  portion  is  continued  directly 
downwards  for  a  short  distance  into  the  valve,  and  terminates  by  an 
attachment  to  its  fibrous  tissue.  The  posterior  wall  of  the  aorta 
descends  nearly  vertically.  Suddenly  becoming  much  tliinner  oppo- 
site the  upper  border  of  the  semilunar  valve,  it  is  continued  down 
to  the  festooned  ring,  or  in  other  words,  it  here  becomes  blended 
with  tlie  base  of  the  semilunar  valves.  Below  this  a  dense  layer  of 
fibrous  tissue  (which  exists  below,  and  fills  up  the  spaces  between 
the  attached  bases  of  the  semilunar  valves)  descends  for  some  di- 
stance into  the  anterior  mitral  valve,  immediately  behind  its  anterior 
surface.  It  is  by  a  close  attachment  to  the  posterior  surface  of  this 
layer  that  the  muscular  fibres  of  the  auricular  wall  which  descend 
into  the  valve,  terminate.  This  layer  of  fibrous  tissue,  however, 
may  be  generally  traced  downwards  into  the  valve  farther  tiian  the 
muscular  fibres. 

The  boundary,  then,  between  the  aortic  and  auricular  apertures 
is  formed  above  the  mitral  valve  by  the  posterior  wall  of  the  aorta, 
terminating  at  its  junction  with  the  bases  of  the  semilunar  valves, 
and  imm.ediately  below  the  posterior  surface  of  which  is  attached 
the  greater  portion  of  the  muscular  fibres  forming  the  anterior  wall 
of  the  left  auricle.  The  extiemities  of  the  two  bones  which  in  ru- 
minants replace  a  portion  of  the  lateral  and  posterior  divisions  of 
the  "  festooned  ring,"  nearly  meeting  in  the  centre,  behind,  give 
additional  support  to  the  structures  entering  into  the  formation  of 
the  mitral  valve. 

In  examining:  the  structure  and  connexions  of  the  auriculo-ventri- 


Royal  Society.  309 

cular  valves,  it  is  noticed  that  a  considerable  portion  of  tendinous 
fibres  pass  from  the  insertions  of  the  cords,  through  the  valves,  to 
the  zones,  and  many  of  the  smaller  cords  pass  up  directly  into  the 
angle  formed  between  the  under  surface  of  the  valve  and  the  inner 
surface  of  the  ventricle,  and  at  once  enter  into  the  formations  of  the 
fibrous  zones.  These  cords  are  short,  and  many  of  them  spring  from 
the  wall  of  the  ventricle,  behind  the  valve.  Therefore  it  results, 
that  these  zones  are  densest  and  most  strongly  marked  in  those 
portions  corresponding  to  the  attached  borders  of  the  valves,  and 
gradually  become  less  distinct  towards  the  intervals  between  them. 
Hence  the  greater  portion  of  the  auriculo-ventricular  zones  is  more 
properly  to  be  considered  in  connexion  with  the  valves. 

The  fibres  of  elastic  tissue  exist  in  the  auriculo-ventricular  valves, 
but  more  sparingly  than  in  the  arterial  valves. 

The  many  contradictorj-  statements  which  have  been  advanced 
concerning  the  existence  of  muscular  fibres  in  the  auriculo-ventri- 
cular valves,  may  perhaps  be  explained  by  a  consideration  of  the 
mode  in  which  the  muscular  fibres  of  the  auricles  terminate,  which 
has  been  already  described.  The  internal  fibres  which  have  been 
mentioned,  descending  from  the  auricular  walls  into  the  valves  just 
beyond  their  attached  margins,  may  be  traced  to  a  greater  distance 
in  some  cases  than  in  others.  They  generally  terminate  by  a  tole- 
rably well-defined  margin,  but  this  varies.  Tliey  usually  descend 
for  a  greater  distance  between  the  layers  of  the  anterior  mitral  valve, 
immediately  beneath  its  auricular  surface ;  but  even  here  they  are 
seldom  found  stretching  far  into  the  valve,  not  terminating,  however, 
so  abruptly. 

Therefore,  if  a  portion  of  the  attached  border  of  a  valve  imme- 
diately below  its  upper  surface  be  examined,  muscular  fibres  in 
abundance  will  generally  be  detected ;  whereas  if  sought  for  in  any 
other  portion  of  the  valve  far  from  its  attached  border,  according  to 
the  foregoing  observations,  they  will  not  be  found. 

March  25,  1852. — The  following  paper  was  read: — Experimental 
Researches  in  Electricitv.  Twenty-ninth  Series.  By  Michael 
Faraday,  Esq.,  D.C.L.,  F.R.S.  &c. 

In  the  present  series  of  researches  the  author  endeavours  in  the 
first  place  to  establish  the  principles  he  announced  in  the  last,  with 
regard  to  the  definite  character  of  the  lines  of  magnetic  force,  by 
results  obtained  experimentally  with  the  magnetic  force  of  the  earth. 
For  this  purpose  he  reverts  to  the  thick  wire  galvanometer  before 
described,  and  points  out  the  precautions  respecting  the  cleanliness 
of  the  coils,  the  thickness  and  shortness  of  the  conductors,  the  per- 
fect contacts,  efi'ected  either  by  soldering  or  cups  of  mercury ;  and 
marks  the  value  of  double  observations,  i.  e.  observations  afforded 
on  both  sides  of  zero.  The  nature  of  the  impulse  on  the  needles  is 
pointed  out ;  being  not  that  of  a  constant  current  for  a  limited  or 
unhmited  time,  but  of  a  given  amount  of  electricity  exerted,  either 
regularly  or  irregularly,  within  a  short  period ;  and  it  is  shown  ex- 
perimentally that  such  impulses  produce  equal  results  of  deflection, 
and  also  that  when  two  or  more  such  impulses  are  given  within  a 
limited  time,  the  whole  arc  of  swing  is  nearly  proportional  to  their 
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number ;  so  that  the  amount  of  deflection,  within  certain  limitu,  in- 
dicates directly,  nearly  the  proportion  of  electricity  which  has  passed 
as  a  current  throu£:^h  the  instrument. 

If  a  wire  be  formed  into  a  square  of  1*2  inches  in  the  side,  and 
then  fixed  on  an  axis  passing  across  the  middle  ])arallel  to  two  of  its 
sides,  and  if,  when  that  axis  is  perpendicular  to  the  line  of  dip,  the 
whole  is  rotated,  then  two  of  the  sides  of  the  rectangle  will,  in  one 
revolution,  twice  intersect  the  lines  of  force  of  the  earth  passing 
across  or  through  one  square  foot  of  area.  The  currents  then  tend- 
ing to  move  in  the  upper  and  lower  parts  of  the  rectangle,  will  con- 
join to  urge  one  current  through  the  wire ;  and  if  this  wire  be  cut 
at  one  place  close  to  the  axis,  and  be  there  connected  with  a  com- 
mutator of  simple  construction,  which  is  described  in  the  pa])er,  the 
currents  round  the  rectangle  may  be  conveyed  awav  to  the  galva- 
nometer, and  there  measured.  Such  a  rectangle,  constructed  of  cop- 
per wire  one- twentieth  of  an  inch  in  thickness,  gave  a  certain  arc  of 
swing  for  one  revolution.  If  five  or  ten  revolutions  were  made, 
within  the  time  of  vibrating  of  the  needle,  nearly  five  or  ten  times 
this  amount  of  deflection  was  produced  :  the  mean  result,  in  the  pre- 
sent case,  was  2°-6-24  per  revolution.  When  the  same  length  of  the 
same  wire  was  arranged  in  oblong  or  oblate  rectangles,  so  as  to 
diminish  the  inclosed  area  in  different  directions  as  regarded  the  axis 
of  revolution,  still  the  deflection  was  in  every  case  proportional  to 
the  areas  included ;  showing  that  the  effect  produced  was  propor- 
tional to  the  number  of  lines  of  force  intersected  by  the  moving  wire. 
The  same  result  was  obtained  when  two  squares  having  areas  in  the 
proportion  of  1  to  9,  were  employed. 

When  squares  of  the  same  area  were  formed  of  copper  wire  of 
different  thicknesses,  then  the  eftects  of  obstruction  in  the  conducting 
part  of  the  system  were  brought  out  and  measured.  Thus,  with 
wires  Avhich  were  005,  O'l  and  02  of  an  inch  in  diameter,  and 
therefore  in  mass  as  1,  4,  and  16,  the  deflections  were  1,  2-78,  and 
3-45  ;  a  result  almost  identical  with  that  obtained  for  the  same  wires 
by  the  use  of  loops  and  a  local  magnet  in  the  former  researches. 
When  two  equal  rectangles  were  compared,  one  containing  a  single 
circuit  of  4  feet  of  wire  O'l  in  thickness,  and  the  other  four  circuits 
of  16  feet  of  wire  O'Oo  in  thickness,  then  the  first  was  found  to 
evolve  the  largest  quantity  of  electricity  ;  but  the  second,  electricity 
of  the  highest  tension,  by  the  same  amount  of  motion  :  the  accord- 
ance of  these  results  with  the  principles  advanced  is  pointed  out. 
'Jlie  author  then  refers  to  the  use  of  wire  rings  of  one  or  many  con- 
volutions, and  indicates  cases  in  which  they  may  supply  vsJuable 
means  of  experimental  inquiry. 

The  relative  amount  and  disposition  of  the  forces  of  a  magnet 
when  it  is  alone,  or  associated  with  other  magnets,  forms  the  next 
point  in  the  present  paper ;  and  a  distinction  is  first  taken  between 
ordinary  magnets,  which  are  influenced  much  by  other  magnets,  so 
that  the  amount  of  their  external  force  varies  greatly,  and  those 
which  are  very  hard,  where  this  influence  is  reduced  to  little  or 
nothing.  The  power  of  a  given  magnet  was  measured  according  to 
the  method  described  in  the  last  series,  by  a  loop  once  passed  over 
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its  pole.  A  given  hard  magnet  placed  in  an  invariable  position, 
being  thus  estimated,  was  found  to  have  a  force  equivalent  to  16° "3 
of  deflection.  Another  magnet,  having  a  power  of  25°"74,  was  then 
placed  close  to  the  first  in  different  positions,  with  like  or  unlike 
poles  near  together,  so  as  to  tend  sometimes  to  exalt  its  power  and 
at  other  times  to  depress  it ;  and  the  results  observed.  In  the  ex- 
tremest  favourable  case,  namely,  when  the  two  were  conjoined  as  a 
horseshoe  magnet,  the  force  of  the  first  magnet  was  only  raised 
2°"45,  which  fell  directly  the  dominant  magnet  was  removed;  in  the 
corresponding  adverse  case  the  depression  was  only  1°.  A  very 
hard  magnet,  made  by  Dr.  Scoresby,  of  6°' 88  power,  when  under  the 
influence  of  another  of  double  its  power,  was  not  sensibly  affected 
either  way.  When  under  the  influence  of  one  of  six  times  its  force, 
it  could  be  affected  to  the  extent  of  nearly  1°.  Ordinary  magnets 
can  be  affected  to  the  extent  of  one  half  of  their  power  or  more  ;  and 
indeed  in  extreme  cases  can  be  altogether  overruled  and  inverted. 

From  these  results  the  author  concludes,  that,  with  perfect  un- 
changeable magnets,  the  lines  of  force  (as  before  defined)  of  different 
magnets  in  favourable  positions,  coalesce  :  that  there  is  no  increase 
of  the  total  force  by  this  coalescence ;  the  sections  between  the 
associated  ])oles  giving  the  same  sum  of  power  as  the  sections  of 
the  lines  of  either  magnet  alone  :  that  as  the  external  amount  of 
force  of  the  magnet  is  not  varied,  neither  is  the  internal  amount  at 
all  changed  :  that  the  increase  of  power  upon  a  magnetic  needle, 
or  a  piece  of  soft  iron,  placed  between  two  opposite  favourable  poles, 
is  caused  by  concentration  of  the  lines  which  before  were  dittused, 
and  not  by  the  addition  of  the  power  represented  by  the  lines  of 
force  of  one  pole  to  tiiat  of  the  lines  of  force  of  the  other.  There  is 
no  more  power  I'epresented  by  all  the  lines  of  force  than  before,  and 
a  line  of  force  is  not  in  itself  more  powerful  because  it  coalesces  with 
a  line  of  force  of  another  magnet.  In  this  and  in  other  respects,  the 
analogy  of  the  magnet  with  the  voltaic  pile  is  perfect. 

The  paper  concludes  with  some  practical  remarks  upon  the  deli- 
neation of  the  forms  of  the  lines  of  force  by  iron  filings,  and  by  a 
description  of  the  inflection  of  the  lines  by  hemispheres  of  hot  and 
cold  nickel ;  v/hich  the  author  considers  as  the  corresponding  case 
to  the  action  of  warm  and  cold  oxygen  in  the  atmosphere,  as  ajjplied 
by  him  in  the  explication  of  some  of  the  phenomena  of  atmospheric 
magnetism,  and  especially  of  the  annual  and  daily  variation. 
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Friday,  February  13. — On  the  Heating  Effects  of  Electricity  and 
Magnetism.     By  W.  R.  Grove,  Esq.,  M.A.,  F.R.S. 

In  the  early  periods  of  philosophy  when  any  unusual  phenomenon 
attracted  the  attention  of  thinking  men  it  was  frequently  referred  to 
a  preternatural  or  spiritual  cause  ;  thus  with  regard  to  the  subject 
about  to  be  discussed,  when  the  attraction  of  light  substances  by 
rubbed  amber  was  first  observed,  Thales  referred  it  to  a  soul  or 
spiritual  power  possessed  by  the  amber. 

Passing  to  the  period  antecedent  to  the  time  of  more  strict  indue- 
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tive  pliilosophy,  viz.  the  period  of  the  alchemists,  we  find  many  na- 
tural phecnomena  referred  to  si)hitufil  causes.      Paracelsus  taught 
that  the  Archa^us  or  stomach  demon  presided  over,  caused  and  reguw  /' 
lated  the  funerions  of  digestion,  assimilation,  &c. 

Van  Hehuont,  who  may  he  considered  in  many  respects  the  turn- 
ing-point hetween  alchemy  and  true  chemistry,  adopted  with  some 
modification  the  Archaeus  of  Paracelsus  and  many  of  the  opinions  of 
the  Spiritualists,  but  showed  tendencies  of  a  more  correctly  inductive 
character ;  the  term  '  Gas,'  which  he  introduced,  gives  evidence  of 
the  thought  involved  in  it  by  its  derivation  from  '  Geist '  a  ghost  or 
spirit.  By  regarding  it  as  intermediate  l)et\vcen  spirit  and  matter, 
by  separating  it  from  common  air,  and  by  distinguishing  or  classify- 
ing different  sorts  of  gas  he  paved  tlie  way  for  a  more  accurate  che- 
mical system. 

Shortly  after  the  time  of  \'an  Ilelmot  lived  Tomcelli,  who  by 
his  discovery  of  the  weight  of  air  was  mainly  instrumental  in 
changing  the  c'laracter  of  thought  and  inducing  jihilosophers  to 
introduce,  or  at  all  events  to  dcvelope  the  notion  of  fluids,  as  agents 
which  affected  the  more  mysterious  phsenomena  of  nature,  such  as 
light,  heat,  electricity,  and  magnetism. 

Air  being  proved  analogous  in  many  of  its  characters  to  fluids  as 
previously  known,  the  idea  of  fluids  or  of  an  ether  was  carried  on  to 
other  unknown  agencies  appearing  to  present  effects  remotely  ana- 
logous to  air  or  gases. 

Sound  was  included  by  some  in  the  same  category  with  the  other 
affections  of  matter,  and  as  late  as  the  close  of  the  last  century  a 
paper  was  written  by  Lamarck  to  prove  that  sound  was  i)rop{igated 
by  the  undulations  of  an  pether.  Sound  is  now  admitted  to  be  an 
undulation  or  motion  of  ordinary  matter,  and  Mr.  Grove  considered 
that  what  have  been  called  the  imponderables,  or  imponderable 
fluids,  might  be  actions  of  a  similar  character,  and  might  be  viewed 
as  motions  of  ordinary  matter. 

Heat  was  at  an  early  period  so  viewed,  and  we  find  traces  of  this 
in  the  writings  of  Lord  Bacon.  Rumford  and  Davy  gave  the  doc- 
trine a  greater  development,  and  Mr.  Grove,  in  a  communication 
made  by  him  at  an  Evening  Meeting  of  this  Institution  in  1847, 
shoMed  that  what  had  hitherto  been  deemed  stumbling-blocks  in  the 
way  of  this  theory  of  heat,  viz.  the  phsenomena  presented  by  what 
have  been  called  latent  and  specific  heat,  might  be  more  simply  ex- 
plained by  the  dynamic  theory. 

In  this  evening's  communication  he  brought  forward  some  experi- 
ments and  considerations  in  favour  of  the  extension  of  this  view  to 
electricity  and  magnetism  ;  an  extension,  which  he  had  for  many 
years  advocated,  and  which  was,  in  his  oi)inion,  supported  by  many 
analogies. 

The  ordinary  attractions  and  repulsions  of  electrified  bodies  pre- 
sent no  more  difficulties,  when  regarded  as  being  produced  by  a 
change  in  the  state  or  relations  of  the  matter  affected,  than  did  the 
attraction  of  the  earth  by  the  sun,  or  of  a  leaden  ball  by  the  earth ; 
the  hypothesis  of  a  fluid  is  not  considered  necessaiy  for  the  latter  ; 
and  need  not  be  so  for  the  former  class  of  phaenomena. 
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In  the  cases  of  heating,  or  ignition  of  a  conjunctive  wire  or  con- 
ducting body  through  which  what  is  called  electricity  is  transmitted, 
we  have  many  evidences  that  the  matter  itself  is  aifected,  and  in  some 
cases  temporarily,  in  others  permanently  changed  ;  thus  if  a  wire  of 
lead  is  ignited  to  fusion  by  the  voltaic  battery,  the  fused  lead  being 
kept  in  a  channel  to  prevent  its  dispersion,  it  gradually  shortens, 
and  the  molecules  seem  impressed  with  a  force  acting  transversely 
to  the  line  of  direction  of  the  electricity ;  at  length  the  lead  gathers 
up  in  nodules  which  press  on  each  other  as  do,  to  use  a  familial" 
illustration,  a  string  of  figs. 

With  magnetism  we  have  many  instances  of  the  molecular  change 
which  a  ferreous  or  magnetic  substance  undergoes  when  magnetized. 
If  the  particles  are  free  to  move,  as  for  instance  iron  filings,  they 
arrange  themselves  symmetrically.  An  objection  may  be  made 
arising  from  the  peculiar  form  of  the  iron  filings,  but  Mr.  Grove,  in 
the  year  1845,  showed  that  the  supernatant  liquid,  in  which  magnetic 
oxide  had  been  formed,  and  which  contains  magnetic  particles  not 
mechanically  but  chemically  divided,  exhibits  when  magnetized  a 
change  in  the  arrangement  of  the  molecules,  as  may  be  seen  by  its 
effect  on  transmitted  light ; — a  molecular  change  is  also  evidenced 
by  the  note  or  sound  produced  by  magnetism,  and  by  other  effects. 

Assuming  that  the  molecules  of  iron  change  their  position  inter 
se  upon  magnetization,  then  by  repeated  magnetization  in  opposite 
directions,  something  analogous  to  friction  might  be  produced  ;  and 
just  as  a  piece  of  caoutchouc  when  elongated  produces  heat  (as  it 
was  on  this  occasion  experimentally  shown  to  do),  so  a  bar  of  soft 
iron  might  be  expected,  when  subjected  torapid  changes  in  its  mag- 
netic state,  to  exhibit  thermic  effects. 

With  the  aid  of  the  large  magnet  of  the  Institution  and  of  a 
commutator  for  changing  the  direction  of  the  electricity,  a  bar  of 
soft  iron  was  alternately  magnetized  in  opposite  directions ;  and  in  a 
few  minutes  a  thermometer  placed  in  an  aperture  in  the  iron  showed 
arise  of  temperature  of  1°"5  Fahrenheit:  the  bar  being  separated 
from  the  magnet  by  flannel,  and  the  magnet  being  at  a  notably  lower 
temperature  than  the  bar,  this  heat  could  nowise  be  attributed  to 
conduction. 

The  effect  of  electricity  in  the  disruptive  discharge,  as  in  the  vol- 
taic arc  and  the  electric  spark,  would  seem  at  first  sight  to  offer 
greater  difficulties  of  explanation  on  the  dynamic  theory.  The  bril- 
liant phtenomenal  effects  of  the  electric  discharge,  and  the  apparent 
absence  of  change  in  the  matter  affected  by  it.  would  at  first  lead 
the  observer  to  believe  that  electricity  was  a  specific  entity. 

With  ordinary  flame  or  the  apparent  effects  of  combustion,  how- 
ever, the  idea  has  to  a  great  extent  been  abandoned  that  such  ^^sual 
effects  are  due  to  specific  matter,  and  it  is  regarded  by  many  as  an 
intense  motion  of  the  particles  of  the  buraing  body.  So  with  elec- 
tricity, if  in  regard  to  the  disruptive  discharge  it  can  be  shown  that 
the  matter  of  the  terminals  or  of  the  intervening  medium  is  changed, 
the  necessity  for  the  assumption  of  a  fluid  or  aether  ceases,  and,  to 
say  the  least,  a  possibility  of  viewing  electricity  as  amotion  or  affec- 
tion of  ordinary  matter  is  opened. 
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To  make  evident  to  the  audience  the  rehition  of  the  electrical  dis- 
charge to  combustion  and  tlie  fact  that  the  terminals  were  tliemselves 
alfected,  the  voltaic  arc  was  taken,  first  between  silver  and  then  be- 
tween iron  terminals  :  in  the  first  case  a  brilliant  green-coloured 
flame  was  j)roduced  ;  and  in  the  second  a  reddish  scintillation  or  spur 
fire  effect,  just  as  in  the  ordinary  combustion  of  the  metals. 

So  with  the  discharge  of  Franklinic  electricity  between  the  same 
two  metals,  a  strip  of  silvered  leather  gave  the  bright  green  dis- 
charge, while  a  chain  of  iron  gave  the  spur  fire  effect. 

The  known  transjjort  of  particles  of  the  terminals  from  one  pole  to 
the  other, — the  different  effects  of  different  intervening  media  on 
induction  as  shown  in  Faraday's  experiments, — tiie  ])olar  tension  of 
such  media,  &c.  were  instances  of  the  train  of  molecular  changes 
consequent  upon  electrical  action. 

Hitherto  the  polarity  of  the  gaseous  medium  existing  between  the 
metallic  or  conducting  termii;als  of  the  electrical  circuit  was  only 
known  as  a  physical  polarity  and  not  shown  to  have  an  analogous 
chemical  character  with  that  existing  in  electrolytes  anterior  to  elec- 
trolysis ;  but  Mr.  Grove  stated  that  in  a  recent  communication  to 
the  Roj'al  iSociety  he  had  shov.n  that  mixtures  of  gases  having  oppo- 
site electrical  or  chemical  relations,  such  as  oxygen  and  hydrogen,  or 
comj)ound  gases  such  as  carbonic  oxide,  were  electro-chemically 
polarized  or  had  their  electro -negative  and  electro-positive  elements 
thrown  in  opposite  directions  :  thus  if  a  silvered  ])late  be  made  posi- 
tive, in  such  cases  it  is  oxidized ;  if  negative,  the  dark  spot  of  oxide 
is  reduced  ;  and  an  experiment  was  shown  in  which  such  a  plate  was 
thus  oxidized  and  the  spot  reduced  in  gaseous  media. 

Here,  as  in  the  other  experiments,  was  an  effect  on  the  terminals 
and  an  effect  of  ])olai'izution  of  the  intermedium.  In  the  experiments 
hitherto  shown,  solid  terminals  v.ere  used  ;  it  became  important  to 
examine  what  would  be  the  effect  of  liquid  terminals,  for  instance 
water  ;  the  spark  or  disruptive  discharge  of  Franklinic  electricity  was 
readily  obtained  from  its  surface,  but  hitherto  no  voltaic  battery  had 
been  found  to  show  a  discharge  at  any  sensible  distance  from  the  sur- 
face of  water. 

Mr.  Gassiot  had  procured  to  be  constructed  500  cells  of  the  nitric 
acid  battery,  the  combination  discovered  in  1839  by  Mr.  Grove  and 
first  shown  at  this  Institution  in  the  year  1840.  The  cells  of  this 
battery  were  all  well  insulated  by  glass  stems,  and  as  regards  inten- 
sity of  action  it  was  probably  far  the  most  jjowerful  ever  seen.  Mr. 
Gassiot  had  kindly  lent  this  a})paratus  for  the  illustration  of  this 
evening's  discourse,  and  by  its  aid  Mr.  Grove  was  able  to  show  an 
experiment  which  he  had  first  made  when  experimenting  with  Mr. 
Gassiot  some  time  ago,  and  which  produced  the  efFect  he  had  long 
sou^iht  for,  viz.  a  quantitative  or  voltaic  discharge  at  a  sensible  di- 
stance from  .the  surface  of  water.  The  experiment  was  made  as 
follows  : — a  platinum  j)late  forming  the  anode  of  the  battery  was 
immersed  in  a  capsule  of  distilled  water,  the  temperature  of  which 
was  raised.  A  cathode  (jr  negative  terminal  of  platinum  wire  was 
now  made  to  touch  for  a  moment  the  surface  of  the  water,  and  imme- 
diately withdrawn  to  a  distance  of  abput  a  quarter  of  an  inch  ;  the 
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discharge  took  place,  the  extremity  of  the  platinum  wire  was  fused, 
and  the  molten  platinum  attached  to  the  wire,  but  kept  up  by  the 
peculiar  repulsive  effect  of  the  discharge  was  exhibited,  as  it  were, 
suspended  in  mid-air,  giving  an  intense  light,  throwing  off  scintilla- 
tions in  directions  away  from  the  water,  and  only  detaching  itself 
from  the  wire  when  agitated. 

Here  water  in  the  vajiorous  state  must  be  transferred,  for  the  im- 
mersed electrode  gave  off  gas,  without  doubt  oxygen,  and  the  mole- 
cular action  on  the  negative  fused  platinum  resembled,  if  it  were  not 
identical  in  character  with,  the  currents  observed  on  the  surface  of 
mercury  v>hen  made  negative  in  an  electrolyte. 

It  may  be  objected  to  the  theory  proposed,  that  electrical  effects 
are  obtained  in  what  is  called  a  vacuum,  where  there  is  no  interme- 
dium to  be  polarized  ;  but  this  objection,  though  not  applicable  to  the 
projection  of  the  terminals,  could  hardly  be  discussed  until  experi- 
mentalists had  gone  much  further  than  at  present  in  the  production 
of  a  vacuum  ;  the  experiments  of  Davy  and  others  had  shown  that 
we  are  far  off  from  obtaining  anything  like  a  vacuum  where  delicate 
investigations  are  concerned. 

The  view  of  the  ancient  philosophers  that  Nature  abhors  a  vacuum 
which  had  been  much  cavilled  at,  and  was  supposed  to  be  exploded 
by  the  discovery  of  Torricelli,  Mr.  Grove  thought  had  been  unjustly 
censured  :  giving  the  expression  some  degree  of  metaphorical  license, 
it  afforded  a  fine  evidence  of  the  extent  and  accuracy  of  observation 
of  those  who  were  unacquainted  v.-ith  inductive  philosophy  as  a  system, 
but  who  necessaril}-  pursued  it  in  practice.  Whether  a  vacuum  was 
possible  might  be  an  open  question,  experimentally  it  was  unknown. 

Lastly,  in  answer  to  those  who  might  ask,  to  what  practical  results 
do  researches  such  as  these  lead  ?  what  accession  of  physical  comfort 
or  luxuiT  do  they  bring  ?  Mr.  Grove  took  occasion  to  offer  his 
humble  protest  against  opinions  now  perhaps  too  generally  prevalent, 
that  science  was  to  be  viewed  only  or  mainly  in  its  utilitarian  or 
practical  bearings.  Even  regarding  it  in  this  aspect,  were  it  not  for 
the  devotion  which  the  love  of  knowledge,  which  the  yearning  anxiety 
to  penetrate  into  the  mysteries  of  our  being  and  of  surrounding  ex- 
istences induced  ;  the  practical  results  of  science  would  not  have 
been  attained ;  the  band  of  martyrs  to  science  from  Socrates  to  Galileo 
would  not  have  thought  and  suffered  without  a  higher  incentive  than 
the  acquisition  of  utilitarian  results :  \nthout  disparaging  these  results, 
indeed  regarding  them  as  necessary  consequences  of  any  advance  in 
scientific  knowledge,  he  considered  that  the  love  of  truth  and  know- 
ledge for  themselves  was  the  great  animating  principle  of  those  who 
rightly  pursued  science  ;  that,  based  upon  an  enduring  quality  of  our 
common  nature,  this  feeling  was  rooted  in  far  firmer  foundations, 
that  it  led  to  greater  and  more  self-sacrificing  exertions  than  any 
capable  of  being  induced  by  the  hopes  of  augmenting  social  acquisi- 
tions, and  was  an  attribute  and  an  evidence  of  the  non-transient  j^art 
of  our  being. 
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Dec.  8,  1851. — On  the  Oscillations  of  Suspension  Bridges.  JBjy 
J.  H.  Rohrs,  Esq.,  M.A. 

In  this  ])aper  the  oscillations  of  a  chain  suspended  at  two  points 
were  discussed,  with  a  view  to  explain  the  causes  of  fracture  in  sus- 
pension-bridges, by  vibration  arising  from  the  tramping  of  troops, 
gusts  of  wind,  &c.,  as  well  as  to  suggest  means  for  obviating  the 
mischief  under  those  circumstances.  The  following  were  some  of 
the  most  remarkable  results  arrived  at ; — 

1st.  That  if  the  tension  at  the  ends  of  the  chain  where  it  is  sus- 
pended be  kept  constant  by  allowing  play  at  those  points,  the  varia- 
tion of  tension  due  to  vibration  at  any  other  point  of  the  chain  will 
be  but  small. 

2ndly.  That  if  the  chain  be  tied  at  the  points  of  suspension  so 
that  it  can  have  no  motion  there,  a  slight  extent  of  vibration  will 
produce  comparatively  a  great  increase  of  tension. 

;irdly.  That  periodic  forces,  such  as  may  be  taken,  for  instance,  to 
represent  the  effect  of  tramping  in  time  of  troops  moving  across  the 
bridge,  are  dangerous  in  the  extreme,  as  if  they  happen  to  coincide 
in  period  with  any  of  the  possible  types  of  vibration,  the  extent  of 
vibration  will  increase  continuously,  till  it  ceases  to  be  represented 
approximately  by  a  linear  or  even  an  equation  of  the  second  order ; 
in  this  case,  the  chain  will  be  divided  by  nodal  points  where  there  is 
no  vertical  motion. 

4thly.  That  the  mere  transit,  without  tramping,  of  ordinar}'  loads 
at  an  ordinary  pace  would  not  cause  sensible  ^^bration  in  a  bridge 
of  wide  span  ;  but  that  terms  not  periodic  might  be  introduced  by  the 
variable  pressure  of  wind  sweeping  in  rapid  gusts  along  the  platform. 

Feb.  16,  1852. — On  the  Composition  and  Resolution  of  Streams 
of  Polarized  Light  from  different  Sources.     By  Professor  Stokes. 

In  this  paper  the  author  investigates  the  nature  of  the  light  result- 
ing from  the  union  of  several  independent  streams  of  polarized  light. 
The  refrangii)ility  of  the  several  streams  is  supposed  to  be  the  same, 
and  the  polarization  to  be  of  the  most  general  nature,  that  is,  to  be 
elliptic.     The  following  proposition  is  established. 

When  any  number  of  independent  jiolarized  streams,  of  given 
refrangibility,  are  mixed  together,  the  nature  of  the  mixture  is  com- 
pletely determined  by  the  values  of  four  constants.  A,  B,  C,  D,  de- 
fined in  the  following  manner  : — Let  J  be  the  intensity  of  one  of  the 
elliptically-polarized  streams,  a  the  azimuth  of  its  plane  of  maximum 
polarization,  tan  /3  the  ratio  of  the  axes  of  the  ellipse  described  by 
the  gethereal  particles  ;  then 

A  =  2(.T);  B  =  2(.JsIn2/3);  C  =  2(J  cos  2/3  cos  2a)  ; 
D  =  ^(Jcos2/3sin2a). 
Two  groups  of  polarized  streams,  of  the  same  refrangibility,  which 
are  such  as  to  give  the  same  values  to  each  of  the  four  constants 
A,  B,  C,  D,  are  defined  to  be  equivalent ;  and  the  author  has  shown. 
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that  if  two  equivalent  groups  be  transmitted  through  any  optical 
train,  and  be  afterwards  analysed,  they  will  present  exactly  the  same 
appearance  ;  so  that  equivalent  groups  may  be  regarded  as  optically 
identical. 

It  readily  follows  from  the  above  theorem,  that  any  group  of 
polarized  streams  is  equivalent  to  a  stream  of  common  light  com- 
bined with  a  stream  of  elliptically-polarized  light  from  a  different 
source.  If  J,  J'  be  the  intensities  of  these  streams,  a!  the  azimuth 
of  the  plane  of  maximum  polarization  of  the  latter,  tan  /3'  the  ratio 
of  the  axes  of  the  characteristic  ellijjse, 

J=A-  V{^''-  +  W■\-(Z-)  ;  J'=  a/(A^  +  B-=  +  C^)  ; 

•    .-^ ->'  -B  ,       -,  ,     D 

sin  2p  =:  — -. ^ —  ;  tan  Ja  =  — . 

'         V(A«  +  B'2  +  C'2)'  C 

The  author  has  applied  these  formnlre  to  a  few  examples,  and  has 
likewise  shown,  from  the  general  principles  established  in  the  paper, 
that  the  changes  which  are  continually  taking  place  in  the  epoch  and 
intensity  of  the  vibrations  of  polarized  light  may  be  of  anv  nature. 
In  the  case  of  common  light,  the  author  contends  that  there  is  no 
occasion  to  suppose  the  transition  from  a  series  of  vibrations  of  one 
kind  to  a  series  of  another  kind  to  be  abrupt,  but  that  it  may  be  of 
any  nature. 


XLV.  Intelligence  and  Miscellaneous  Articles. 

ON  GAS-BATTERIESj  AND  OX  THE  PREPARATIOX  OF  HYDRIODIC 
AND  HYDROBROMIC  ACIDS  BY  THE  GALVANIC  METHOD,  BY 
M.  OSANN. 

ri'^HE  phfenomena  exhibited  by  a  circuit  composed  of  gaseous  ele- 
-*-  ments  appear  at  first  sight  to  be  explicable  in  the  following  manner. 
One  of  the  tubes  contains  hydrogen,  the  other  oxvgen,  both  of  which 
are  over  dilute  sulphuric  acid,  but  in  such  a  manner  that  the  ends  of 
the  two  strips  of  platinum  existing  in  the  tubes  dip  into  the  liquid. 
Now-  as  oxygen  is  somewhat  soluble  in  dilute  sulphuric  acid,  the 
strip  of  platinum  in  the  hydrogen  element  comes  into  contact  with 
hydrogen  and  the  oxygen  dissolved  in  the  acid,  and  as  platinum 
possesses  the  property  of  causing  the  two  gases  to  combine,  the 
simplest  view  seems  to  be  that  this  combination  occurs  in  the  present 
case,  and  that  the  electric  current  is  produced  by  this  chemical  action. 
But  the  following  well-founded  objection  may  be  urged  against  this 
view.  When  oxygen  and  hydrogen  combine,  whether  this  arise  from 
the  inflammation  of  burning  bodies,  from  the  electric  spark,  or  from 
finely  divided  platinum,  considerable  heat  is  produced ;  but  in  the 
present  case  this  is  absent,  for  elevation  of  temperature  is  never  per- 
ceived. The  action  of  the  platinum  must  therefore  be  of  a  different 
kind  here.  It  might  be  said,  that  in  this  case  the  platinum  trans- 
formed the  hydrogen  into  the  same  state  as  that  in  which  it  exists 
in  the  hydrogen-acids,  which  are  decomposed  in  the  well-known 
way  by  oxides,  without  simultaneous  elevation  of  temperature  from 
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the  union  of  the  hydrogen  with  the  oxygen.  Grove  and  Schonhein 
adopt  another  explanation,  assuming  that  in  the  hydrogen  element 
the  platinum  cau?es  the  hydrogen  to  combine  witii  the  oxygen  of 
the  adjacent  water-element,  and  in  the  oxygen  clement  the  pla- 
tinum causes  the  oxygen  to  combine  with  the  hydrogen  of  the  next 
water- element.  In  this  way  a  motion  of  the  hydrogen  and  oxygen 
elements  would  occur  from  one  side  to  the  other,  which  would  be 
simultaneous  with  an  electric  current. 

As  far  as  this  point,  the  two  above-mentioned  philosophers  agree. 
But  in  tlie  following  experiment,  which  may  be  made  with  the  gas- 
battery,  their  opinions  differ.  If  hydrogen  be  placed  in  one  element 
over  dilute  s-ulphuric  acid,  and  the  other  be  completely  filled  with 
this  liquid,  at  the  moment  of  closure  of  the  circuit  a  feeble  current 
is  detected  by  a  multiplier,  which  emanates  from  the  hydrogen  ele- 
ment but  soon  disappears.  Grove  explains  this  pha;nomenon  by 
stating,  that  the  hydrogen  which  appears  in  the  tube  filled  with 
dilute  sulphuric  acid  combines  with  the  small  quantity  of  the  ox}-gen 
absorbed  from  the  air  existing  in  the  liquid,  and  that  the  current 
exists  only  so  long  as  this  is  present.  Grove  also  assumes,  that  the 
jjresence  of  oxygen  in  one  of  the  tubes  is  essential  to  the  formation 
of  a  current ;  Schonhein,  on  the  other  hand,  puts  forward  the  opi- 
nion, that  the  formation  of  the  current  arises  solely  from  the  hydrogen 
element,  and  that  the  oxygen  in  the  other  element  only  plays  a  pas- 
sive part.  The  cessation  of  the  current  would  in  this  case  be  caused 
by  the  hydrogen  which  appears  in  the  element  filled  with  dilute  sul- 
phuric acid,  electrically  polarizing  the  platinum  in  the  same  manner 
as  occurs  in  the  h)'drogen  element,  whereby  a  counter-current  is  set 
up  which  must  destroy  the  original  one. 

It  is  evident  that  this  experiment  does  not  decide  the  question  as 
to  which  of  these  views  is  ccu'rect.  The  author  therefore  instituted 
a  new  one,  the  result  of  which  is  in  favour  of  Schonbein's  view. 
The  author  filled  two  of  his  gas-elements  with  iivariatic  instead  of 
dilute  sulphuric  acid,  and  tilled  one  of  these  elements  over  this  acid 
with- oxygen,  but  in  such  a  manner  that  the  strip  of  platinum  dipped 
into  the  muriatic  acid.  When  the  two  elements  were  then  closed 
by  a  multiplier,  the  needle  was  quickly  deflected,  and  this  to  a  con- 
siderably greater  extent  than  wlien  it  is  deflected  under  the  same 
circumstances  with  the  use  of  dilute  sul])huric  acid  and  oxygen. 
The  position  of  the  needle  was  not,  however,  retained ;  it  soon  re- 
turned, and  in  a  short  time  stood  at  zero. 

The  reason  why,  on  thus  substituting  muriatic  for  dilute  sulphuric 
acid,  a  stronger  current  was  set  up,  is,  according  to  the  author,  that 
the  muriatic  acid  is  a  more  easily  decomposable  liquid  than  dilute 
sulphuric  acid.  If  this  be  the  case,  then  less  resistance  to  the  con- 
duction of  the  current  is  present ;  it  circulates  more  quickly,  and 
produces  a  more  powerful  efl^ect  upon  the  multipher.  But  the  second 
circumstance — that  the  needle  returned  to  zero — is  of  far  more  im- 
portance. The  muriatic  acid  contained  no  atmospheric  air.  Muriatic 
acid  gas  has  so  extraordinary  an  affinity  for  water,  that  on  taking  up 
this  gas  the  atmospheric  air  is  expelled.     Hence  in  this  case  the 


Meteorological  Observations,  319 

action  of  absorbed  oxygen  in  the  liquid  is  out  of  the  question. 
Neither  could  it  be  taken  into  consideration  in  regard  to  this  circuit, 
because  the  body  liberated  in  the  tube  filled  with  muriatic  acid  is 
chlorine,  which  resembles  oxygen,  and  hence  does  not  anniliilate  its 
action,  but  is  associated  with  it  in  its  effect.  The  cessation  of  the 
current  can  therefore  only  be  explained  hy  the  chlorine  which  is 
liberated  in  the  tube  containing  the  liquid  polarizing  the  platinum 
in  it  in  the  same  manner  as  the  oxygen  does  in  the  tube  containing 
the  gas.  This  corresponds  perfectly  with  the  fact  found  by  Grove, 
according  to  which  chlorine  renders  platinum  even  more  strongly 
electrically  polar  than  oxygen  does. 

Starting  from  this  point  of  view,  the  author  found  that  when  a 
striji  of  platinum  is  brought  into  contact  with  amalgamated  zinc  in 
dilute  sulphuric  acid,  hydrogen  is  evolved  from  the  platinum.  Now 
as  platinum  also  possesses  the  property  of  causing  hydrogen  to 
combine  with  electro-negative  bodies,  the  author  took  advantage  of 
this  circumstance  to  obtain  hydriodic  and  hydrobromic  acids.  If 
iodine  or  bromine  be  added  to  the  above-mentioned  liquid,  in  a  short 
time  its  colour  disappears,  and  the  hydrogen  acids  of  these  bodies 
are  fornied.  In  the  course  of  three  days  a  considerable  quantity  of 
hydriodic  and  hydrobromic  acids  may  be  obtained.  By  distillation 
they  may  be  separated  from  the  liquid,  which  contains  sulphate  of 
zinc  in  solution. —  Verhandl.  der  Physikal.  Medicin.  Gesellsch,  zu 
Wiirzburg,  1851,  vol.  ii.  p.  329-331. 


METEOROLOGICAL  OBSERVATIONS  FOR  FEB.  1852. 
Chiswick. — February  1.  Rain :   clear  and  fine.      S.   Rain :   cloudy  and  mild : 
densely  overcast.     3.  Clear :  exceedingly  fine :  clear  at  night.     4.  Uniformly  over- 
cast :  rain.      5.  Densely  clouded :  rain.      6.  Clear :  slight  shovrer  :  clear :  frosty. 

7.  Clear:  very  fine:  overcast.  8.  Boisterous,  with  rain:  overcast:  rain.  9.  Cloudy 
and  fine:  showery:  clear.  10.  A  few  snow-flakes:  cloudy  and  cold:  clear  at 
night.  11.  Clear  and  frosty  :  fine:  sharp  frost  at  night.  12.  Frost}' and  foggy : 
very  fine  :  clear  :  slight  frost.  13.  Densely  overcast :  fine:  overcast.  14.  Hazy: 
uniformly  overcast:  clear.  15.  Overcast.  16.  Fine:  densely  overcast.  17. 
Cloudy:  fine.  18.  Low  v. hite  clouds:  clear.  19.  Clear  and  cold.  20.  Clear 
and  frosty:  very  sharp  frost  at  night.  21.  Severe  frost :  fine.  22.  Cloudy  and 
cold.  23.  Fine,  but  cold.  24,25.  Clear  and  cold.  26.  Slight  rain:  uniformly 
overcast.  27.  Cloudy:  rain.  28.  Slight  rain:  clear  at  night.  29.  Clear:  over- 
cast and  cold. 

Mean  temperature  of  the  month  38°"72 

Mean  temperature  of  Feb.  1851    38  -44 

Mean  temperature  of  Feb.  for  the  last  twenty-six  years     ...  40*06 

Average  amount  of  rain  in  Feb r62  inch. 

Boston. — Feb.  1.  Fine.      2.  Cloudy:  rain  early  a.m.      3.  Fine.     4,  5.  Rain: 

rain  a.m.  and  p.m.     6.  Fine  :  stormy.     7.  Fine.     8.  Rain  :  rain  early  a.m.  and  p.m. 

9.  Cloudv:  rain  with  lightning  a. Ji.  and  p.m.       10.  Cloudv :   rain  a.m.  and  p.m. 

11,  12.  Fine.     13,  14.  Cloudv.      15,  16.  Cloudv:  rain  p.m.'    17.  Cloudv.     18— 

21.  Fine.     22,  23.  Cloudv.     24.  Fine.    25.  Cloudy.    26.  Cloudv :  rain  e'arlv  a.m. 

and  P.M.    27.  Fine.    28.  Cloudy.     29.  Fine. 

SandiL-ick Manse, Orkney. — Fel).  1.  Clear:  fine:  aiu-ora.     2.  Cloudy.    3.  Cloudy: 

sleet-showers.       4.  Rain :    showers.      5.  Showerv  :  clear.      6,  7.  Sleet-showers. 

8.  Drizzle :  rain.  9.  Sleet-showers.  10.  Bright :  clear.  11.  Cloudy.  12.  Cloudy: 
clear  :  aurora.  13.  Bright :  showers :  aurora.  14.  Drops  :  drizzle.  15.  Bright: 
hail-shovrers :  S.  aurora.  16.  Hail-showers  :  S.  aurora.  17.  Rain  :  snow -showei-s : 
S.  aurora.  18.  Snow-showers:  S.  aurora.  19.  Snow-drift:  S.  aurora.  20.  Bright: 
cloudy.  21.  Thaw:  cloudy:  am-ora.  22.  Cloudy:  aurora.  23.  Fine:  cloudy: 
fine.  24,25.  Cloudy:  fine.  26.  Cloudy:  showers.  27.  Showers :  drizzle.  28. 
Snow-showers :  showers.    29.  Snow-showers. 
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XL VI.  Reports  on  the  Progress  of  the  Physical  Sciences. 
Btj  John  Tyndall,  Ph.D. 

[With  a  Plate.] 

On  the  Elecfroscopic  Properties  of  the  Voltaic  Circuit ;  being  an  experi- 
mental verification  of  the  Theory  of  Ohm.  By  Dr.  Kohlrausch,  Pog- 
gendorff's  Annalen,\'o\.  lxxv.p.220;  vol.  Ixxviii.  p.l;  andvol.  Ixxxii.p.  1. 

THE  following  quotation  bears  so  pei'tinently  upon  the  sub- 
ject of  the  present  report,  that  an  apology  for  its  intro- 
duction here  is  scarcely  necessary.  It  is  extracted  from  a  dis- 
course by  Professor  Dove,  before  the  Berlin  Society  for  Scientific 
Lectures. 

"As  the  (then  considered)  essential  portions  of  a  galvanic 
circuit  were  two  metals  and  a  fluid,  innumerable  combinations 
were  possible,  from  which  the  most  suitable  must  be  chosen. 
This  gigantic  task  was  undertaken  by  Ritter,  an  inhabitant  of  a 
village  near  Liegnitz,  who  almost  sacrificed  his  senses  to  the  in- 
vestigation. He  discovered  the  peculiar  pile  which  bears  his 
name,  and  opened  that  wonderful  circle  of  actions  and  reactions 
which,  through  the  subsequent  discoveries  of  CErsted,  Faraday, 
Seebeck  and  Peltier,  drew  with  ever-narrowing  band  the  isolated 
forces  of  nature  into  an  organic  whole.  But  he  died  earl}-,  as 
Giinther  did  before  him,  exhausted  by  restless  labour,  sorrow, 
and  disordered  living,  it  was  soon  found  that  many  exjieriments 
succeeded  better  with  a  single  pair  of  large  plates  than  with 
several  small  ones  ;  and,  in  short,  that  every  apparatus  exhibited 
certain  actions  better  than  all  others.  Here  men  of  science  long 
groped  in  darkness,  when  in  the  year  1827,  the  theory  of  galva- 
nism by  Ohm,  then  of  Berlin,  now  of  Niirnberg,  rose  like  a  pole- 
.star  to  illumine  the  obscurity.  He  showed  that,  as  the  apparatus 
itself  was  composed  solely  of  conductors,  the  electric  current 
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must  proceed  not  only  along  the  connecting  wire  from  pole  to 
pole,  but  also  through  the  a])paratus  itself;  that  the  resistance 
offered  to  the  passage  of  the  current  consisted  therefore  of  two 
portions,  one  exterior  to  the  apparatus  and  one  within  it.  At  a 
stroke,  the  difficulties  which  up  to  this  time  had  beset  the  sub- 
ject, and  which  were  thought  insuperable  by  those  who  had  con- 
fined their  attention  to  the  exterior  resistance  only,  crumbled 
away. 

"  Ohm  brought  forward  his  discovery  in  the  simple  earnest 
language  which  distinguishes  the  true  investigator  of  nature.  A 
theory,  he  says,  which  lays  claim  to  immortality  must  not  de- 
pend upon  the  idle  garniture  of  words  for  the  proof  of  its  noble 
origin,  but  must  show  in  all  its  parts,  by  its  simple  and  complete 
correspondence  with  facts,  and  without  the  aid  of  eloquence,  its 
affinity  to  that  spirit  which  animates  nature.  The  manner  in 
which  this  theory  was  received  was  different  in  different  lands. 
Heniy  of  Princeton,  North  America,  who  at  once  saw  its  infi- 
nitely practical  importance,  observes,  '  When  I  first  read  Ohm's 
theory,  a  light  arose  within  me  like  the  sudden  illumination  of 
a  dark  room  by  lightning.'  The  Royal  Society  of  London 
awarded  him  the  Copley  Medal,  the  highest  prize  given  by  the 
Society  for  physical  investigation.  In  France  also  the  discovery 
met  with  the  greatest  recognition  which  a  foreign  investigator 
could  expect  there.  A  physicist  of  that  country  thought  it  con- 
venient to  rediscover  the  same  thing  years  afterwards.  He 
thought,  cctte  decouverte  n'est  pas  Fran^-aise,  mais  elle  est  digne 
d'etre  Fran9aise.  But  what  reward  did  Ohm  reap  in  Germany  ? 
While  the  most  laborious  empirical  inquiries  were  instituted, 
among  which  those  of  Fechner  in  Leipzic  deserve  especial  men- 
tion, to  bring  the  theory  in  all  possible  ways  to  the  touchstone 
of  experience,  that  science  whose  function  it  is  to  think  the  great 
thoughts  of  the  Creator  over  again,  glanced  down  with  divine 
satisfaction  from  her  Oljonpic  throne  upon  these  sublunary 
occupations;  in  the  Berlin  JahrbUcher  fur  wissenschaftliche 
Kritik,  Ohm's  theoiy  was  named  a  web  of  naked  fancies,  which 
can  never  find  the  semblance  of  support  from  even  the  most  su- 
perficial observation  of  facts ;  *  he  who  looks  on  nature,'  proceeds 
the  writer,  '  with  an  eye  of  reverence,  must  turn  aside  from  this 
book  as  the  result  of  an  incurable  delusion,  whose  sole  effort  is 
to  detract  from  the  dignity  of  nature.'  " 

The  investigations,  of  which  we  now  purpose  giving  a  review, 
occupy  themselves  with  the  experimental  verification  of  the  entire 
theory  of  Ohm.  A  portion  of  that  theory  has  been  already  tested 
by  physicists  of  all  lands  and  found  true  :  this  portion,  which  on 
account  of  its  superior  importance  is  called  the  law  of  Ohm,  forms, 
however,  but  one  link  in  the  chain  of  causation  which  the  philoso- 
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plier^s  speculations  place  before  us.  The  comparative  want  of  re- 
cognition which  the  other  portions  of  the  theory  have  experienced, 
is  to  be  chiefly  referred  to  the  difficulty  of  procui'ing  instruments 
sufficiently  delicate  to  test  them  experimentally.  By  the  inven- 
tion and  skilful  application  of  suitable  instruments,  M.  Kohlrausch 
has  been  able  to  travel  side  by  side  with  the  speculations  of  Ohm^ 
and  to  convert  them  one  after  another  into  experimental  facts. 

The  fundamental  portions  of  Ohm's  theory  may  be  briefly 
sketched  as  follows  : — Let  the  ring,  Plate  IX.  fig.  1,  represent  a 
homogeneous  conductor,  and  let  a  source  of  electricity  be  supposed 
to  exist  at  A.  To  fix  the  ideas,  let  us  suppose  an  electric  machine 
placed  there.  The  electricity  from  the  machine  will  diffuse  itself 
over  both  sides  of  the  ring ;  the  positive  passing  towards  a,  and 
the  negative  towards  b,  both  fluids  uniting  at  c.  Now  if  the 
electricity  be  so  distributed  over  the  ring  that  a  heaping  up  of 
the  fluid  nowhere  occurs,  then  it  follows  that  equal  quantities 
of  electricity  pass  through  all  cross  sections  of  the  ring  in  the 
same  space  of  time.  If  it  be  assumed  that  the  passage  of  the 
fluid  from  one  cross  section  to  another  is  solely  due  to  the  difi"er- 
ence  of  the  electric  tension  at  both  these  points ;  and  further, 
that  the  quantity  which  passes  is  proportional  to  this  difiFerence 
of  tension,  the  consequence  is,  that  the  positive  fluid  proceeding 
from  A  right  to  c,  and  the  negative  fluid  proceeding  from  A  left 
to  c,  must  decrease  in  tension  the  further  they  recede  from  A. 

The  tension  of  the  electricity  at  every  point  in  the  circuit  may 
be  represented  by  a  diagram.  Let  the  above  ring  be  supposed 
to  be  stretched  out  into  a  straight  line  AA',  fig.  2  ;  let  the  ordi- 
nate AB  represent  the  tension  of  the  positive  electricity,  and 
A'B'  the  tension  of  the  negative  electricity  at  the  jjoint  of  excita- 
tion, then  the  ring  being  homogeneous  and  of  the  same  diameter 
throughout,  the  straight  line  BB'  will  express  the  tension  for  all 
points  of  the  circuit. 

From  these  considerations,  the  law  of  Ohm  expressed  by  the 
celebrated  formula 

where  S  repi-esents  the  strength  of  the  current,  E  the  electro- 
motive force  of  the  batteiy,  and  E,  the  resistance,  naturally  fol- 
lows. If  the  electromotive  force  AB  +  A'B'  remain  constant, 
then  the  gi*eater  the  length  of  AA'  the  less  steep  ^ill  be  the  in- 
clination of  the  line  BB' ;  that  is  to  say,  the  less  will  be  the  dif- 
ference of  tension  in  two  contiguous  cross  sections.  But  by  the 
h)^othesis,  this  difference  is  proportional  to  the  quantity  of  fluid 
which  passes  from  one  cross  section  to  the  other;  and  hence  it 
follows,  that  the  greater  the  length  of  the  circuit,  the  less  will 
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be  the  amount  of  electricity  which  passes  through  any  cross  sec- 
tion in  a  given  space  of  time. 

If  th(!  conductor  AA'  be  composed  of  material  which  offers  a 
greater  resistance  to  the  passage  of  the  electricity  than  that  above 
snj)posed,  as  long  as  its  length  remains  unaltered  the  distribu- 
tion of  the  electricity  will  be  the  same.  But  inasmuch  as  the 
moving  force,  that  is,  the  difference  of  tension  between  two 
neighbouring  cross  sections,  is  also  the  same  as  before,  a  less 
quantity  of  electricity  must  pass  from  section  to  section  in  a 
given  time  than  in  the  case  of  the  good  conductor;  that  is  to 
say,  the  current  must  be  weaker.  A  greater  length  of  the  better 
conductor  would  produce  precisely  the  same  cflect.  These  results 
find  definite  expression  in  the  law,  that  the  strength  of  the  current 
is  inversely  proportional  to  the  resistance  of  the  circuit.  Preserving 
the  length  and  material  of  AA'  unchanged,  and  regarding  the 
force  AA'-f  BB'  as  variable,  we  deduce  the  law,  that ///e  strength 
of  the  current  is  directly  proportional  to  the  electromotive  force. 

One  additional  reference  to  the  manner  in  which  Ohm  pictured 
to  himself  the  electroscopic  state  of  the  circuit  will  suffice.  Let 
the  conductor  AA',  fig.  3,  consist  of  the  same  material  throughout, 
but  of  two  portions,  possessing  different  cross  sections.  Let  the 
cross  section  of  Xd,  for  example,  be  m  times  that  of  dA! ;  then  if 
equal  quantities  pass  through  all  sections  in  equal  times,  if 
through  a  unit  of  length  of  wire  of  m  times  the  cross  section  no 
more  tluid  passes  than  through  the  thinner  N\ire,  the  difference 
of  tension  at  both  ends  of  this  imit  of  length  in  the  former  must 

be  only  —  th  of  what  it  is  in  the  latter.     Thus  the  electric  "  fall," 

as  Ohm  terms  it,  that  is,  the  decrease  in  the  length  of  the  ordi- 
nate for  the  unit  of  length  of  the  abscissa,  will  be  less  in  the  ease 
of  the  thick  wire  than  of  the  thin,  as  shown  by  the  line  Be  in  the 
figure.  The  distribution  of  the  electricity  in  such  a  circuit  will  be 
no  longer  represented  by  a  continuous  gradient,  but  can  never- 
theless be  easily  ascertained  by  calculation  when  the  electromotive 
force  of  the  circuit  and  the  cross  sections  of  its  diifcreut  portions 
are  known.  If,  instead  of  one  wire  being  thinner  than  the  other, 
its  specitic  resistance  were  greater,  it  would  follow  from  the  hypo- 
thesis of  Ohm,  that  the  greater  the  resistance  of  the  metal  the 
greater  would  be  the  electric  fall.  The  result  is  summed  up  in 
the  lav.',  that  the  "  electric  fall''  is  directly  proportional  to  the 
specif  c  resistances  of  the  metals  and  iyiversely  as  their  cross  sections. 
Thus  far  we  have  travelled  through  a  region  of  pure  specula- 
tion. To  test  whether  the  actual  distribution  of  electricity 
throughout  a  gah  anic  circuit  bears  any  resemblance  to  that  here 
supposed,  an  electrometer  of  surpassing  delicacy  was  necessary. 
We  shall  give  a  brief  description  of  the  refined  instrument  made 
use  of  for  this  purpose  by  M.  Kohlrausch. 
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A  thin  needle  of  silver  wire,  two  inches  in  length,  is  suspended 
horizontally  from  a  glass  fibre  of  exceeding  fineness  ;  the  fibre 
which  passes  in  the  usual  manner  through  a  glass  tube  is  fast- 
ened to  a  torsion-head,  the  index  of  which  being  turned  causes 
the  little  needle  of  silver  wire  at  the  other  end  to  follow  it.  The 
needle  lies  across  a  thin  strip  of  silver  of  its  own  length,  through 
a  slit  in  the  centre  of  which  the  needle  can  descend  j  at  the  slit 
the  strip  is  so  bent  right  and  left,  that  the  needle,  in  following 
the  index,  can  lay  its  entire  length  against  the  strip.  This  is 
the  only  portion  of  the  instrument  which  requires  a  drawing  to 
make  it  clear ;  it  is  represented  in  fig.  4.  AB  is  the  strip  of  silver, 
cd  one-half  of  the  needle  crossing  the  strip  in  its  centre,  the  other 
half  is  hidden  by  the  strip.  AB  can  be  raised  or  lowered,  so  as 
to  be  in  contact  with  the  needle  or  detached  from  it.  When  the 
needle  crosses  the  strip  at  right  angles,  the  latter  is  raised  so 
that  the  needle  rests  upon  it,  the  apparatus  thus  forming  a  con- 
tinuous cross  of  conducting  material.  Electricity,  being  commu- 
nicated to  the  stri]i,  distributes  itself  over  the  entire  cross ;  when 
this  is  effected,  the  strip  is  lowered  so  that  the  needle  again 
hangs  free.  The  index  above  being  turned,  the  needle  will  be 
solicited  by  the  torsion  of  the  fibre  to  approach  the  strip,  but 
being  charged  with  a  like  electricity,  it  will  be  repelled ;  by  this 
play  of  torsion,  on  the  one  hand,  and  repulsion  on  the  other,  we 
arrive  at  a  knowledge  of  the  tension  of  the  electricity  communi- 
cated. The  author  has  constrvicted  tables  from  v/hich  the  elec- 
tric tension  due  to  any  observed  amount  of  torsion  can  be  in- 
stantly ascertained. 

In  connexion  with  the  electrometer  a  condenser  was  made  use 
of,  the  accuracy  of  which  was  carefully  tested  beforehand.  For 
experiments  with  the  galvanic  circuit,  both  plates  are  of  brass, 
suspended  in  a  suitable  frame  by  strings  of  silk,  and  separated 
from  each  other  by  three  little  patches  of  shell-lac  placed  at 
three  different  points  near  the  peripheiy.  When  the  poles  of 
the  battery  are  connected  with  these  plates,  the  one  becomes 
charged  with  positive,  the  other  with  negative  electricity ;  and 
the  strength  of  the  charge  is  estimated  by  removing  one  of  the 
plates  to  a  certain  fixed  distance,  and  bringing  the  other,  by 
means  of  an  isolated  cojoper  wire,  into  connexion  with  the  elec- 
trometer. 

The  electromotive  force  of  a  voltaic  element,  which  Ohm  ex- 
presses in  his  formula  by  the  letter  E,  can  be  variously  ascer- 
tained :  the  question  suggested  itself  to  M.  Kohlrau^^ch,  whether 
any  relation  existed  between  this  force  aiid  the  tension  of  the 
electricity  at  the  two  poles  of  the  element.  The  electromotive 
forces  of  various  combinations  were  determined  by  Wheatstone's 
method.     To  ascertain  the  tension  at  the  poles,  the  circuit,  which 
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had  been  permitted  to  remain  in  action  for  some  time  was  suddenly 
broken,  and  the  ends  of  the  wires  were  brought  into  connexion 
with  the  plates  of  the  condenser.  The  plates  were  then  sepa- 
rated; one  of  them  was  immediately  brought  into  connexion 
with  the  electrometer,  and  the  strength  of  the  charge  was  mea- 
sured. The  results  derived  from  this  process  are  contained  in 
the  following  table : — 


Description  of  element. 

Electromotive 
force. 

Tension  at  the 

ends  of  the 
broken  circuit. 

1.  Zinc  and  platinum  : — zinc  in  solution 
of  sulphate  of  zinc,  platinum  in  nitric 

I     28-22 

28-43 
1     26-29 

I     18-83 

I     14-08 

13-67 
12-35 

28-22 

27-71 
26-15 

18-88 

14-27 

13-94 
12-36 

2.  Do.  with  nitric  acid  of  1-213  sp.  gr... 

3.  Zinc  and  coal : — zinc  in  sulphate  of 
zinc,  coal  in  nitric  acid  of  1-213  sp.  gr. 

4.  Zinc  and  copper : — zinc  in  sulphate  of 
zinc,  copper  in  solution  of  sulphate  of 

5.  a.  Silver  and  copper  : — silver  in  cya- 
nide of  potassium  or  common   salt, 
copper  in  solution  of  sulphate  of  coi)per 

b.  The  same  afterwards    

c.  The  same  some  time  afterwards... 

®-n 


This  table  establishes  the  important  result,  that  the  electromo- 
tive force  is  proportional  to  the  electric  tension  at  the  ends  of  the 
newly-broken  circuit. 

The  following  experiments  were  instituted  to  ascertain  the 
electroscopic  properties  of  the  active  simple  circuit.  The  author 
considers  it  practically  impossible  at  present  to  construct  an 
electrometer  which  shall  directly  declare  the  almost  infinitesimal 
tension  which  obtains  at  the  various  points  of  the  simple  circuit, 
and  hence  the  necessity  of  calling  in  the  aid  of  the  condenser : 
the  manner  in  which  the  instrument  was  charged  is  as  follows : — 

From  the  lower  condensing  plate  a  ware  of  the  same  metal  as 
the  plate  itself  proceeded,  and  was  buried  in  the  earth.  A 
branch  was  earned  from  this  wire  to  a  point  a  of  the  closed 
circuit.  AVhen  another  point,  b,  of  the  circuit  was  brought  into 
metallic  connexion  with  the  upper  plate  of  the  condenser,  it  be- 
came charged  to  an  amount  which  depends  upon  the  tension 
existing  at  b,  and  on  the  condensing  power  of  the  plates.  If 
several  such  points,  b,  be  examined,  the  charges  imparted  to  the 
condenser  will  be  proportional  to  the  electroscopic  tension  at  the 
different  points.  Instead  of  connecting  the  lower  plate  with  the 
earth,  we  might  connect  it  and  the  point  a  directly,  and  bring 
the  upper  plate,  as  before,  into  connexion  with  b ;  experiment 
proves  that  the  result  obtained  from  this  procedure  is  exactly 
the  same  as  that  obtained  by  the  former  method.     The  mode  of 
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observation  first  indicated  is  that  pursued  in  the  foUo^-ing  expe- 
riments, the  point  a  being  deprived  of  all  electric  tension  bv  its 
direct  union  with  the  earth. 

Experiment  1. — The  poles  of  the  element  were  connected  bv  a 
long  tine  wire,  which  was  carried  in  a  zigzag  manner  from  side 
to  side  of  a  light  wooden  frame,  and  fastened  to  the  latter  by- 
pins  j  the  legs  of  the  Vs  thus  formed  were  all  of  the  same  length. 

a.  Any  point  (c)  being  properly  connected  with  the  earth, 
when  another  point  on  that  side  of  a  from  which  the  positive 
current  proceeded  was  connected  with  the  upper  plate,  the  latter 
exhibited  positive  electricity;  when,  however,  the  point  lav  at 
the  other  side  of  a,  a  negative  charge  was  obtained. 

b.  As  long  as  the  same  length  of  wire  existed  between  the 
point  a  and  the  point  examined,  exactly  the  same  tension  was 
shown  by  the  electrometer,  it  mattered  not  in  what  portion  of  the 
circuit  the  examination  took  place. 

c.  TMien  a  series  of  points  in  the  circuit  at  increasing  distances 
from  a  were  examined,  the  tension  was  obseiTed  to  increase,  the 
increase  being  exactly  proportional  to  the  length  of  wire  inter- 
vening between  a  and  the  respective  points.  Calling  to  mind 
what  has  been  said  regarding  the  electric  "  fall,'^  the  case  before 
us  shows  that,  in  a  wdre  of  uniform  thickness,  the  "  fall "  is  in 
all  places  the  same. 

Experiment  2. — The  poles  were  united  by  two  silver  ^nres  of 
equal  lengths  but  of  diflPerent  diameters  ;■  the  w^res  being  smelted 
together  in  the  flame  of  a  spirit-lamp,  so  as  to  form  one  unbroken 
length  :  it  was  found, — 

a.  That  in  each  of  the  wires  the  same  electric  fall  existed 
throughout. 

b.  AVhen  one  end  of  the  thin  wire  was  properly  connected  with 
the  earth  and  the  other  end  proved,  the  electrometer  showed  a 
charge  of  the  strength  E  ;  when  one  end  of  the  thick  wire  was 
connected  ^vith  the  earth  and  the  other  end  examined,  a  charge 
e  was  obtained;  the  ratio  of  E  :  e  was  the  same  as  that  of  the 
cross  section  of  the  thick  wire  to  that  of  the  thin. 

Experiment  3. — The  wive  connecting  the  poles  was  formed 
of  two  wires,  one  of  copper,  the  other  of  German  silver ;  the 
former  presenting  veiy  little  resistance  to  the  current,  while  the 
resistance  of  the  latter  was  considerable.  The  total  resistance  of 
each  wire  was  previously  ascertained  by  means  of  a  rheochord. 
It  was  found  that  the  entire  increase  of  tension  from  one  end  to 
the  other  of  the  copper  wire  was  to  the  entii'e  increase  along  the 
German-silver  wire  in  the  direct  proportion  of  the  resistances. 

The  above  results  may  be  summed  up  as  follows  : — In  wires  of 
different  materials  and  of  unequal  thicknesses,  the  electric  fall  is 
directly  proportional  to  the  specif  c  resistances  of  the  metals,  and 
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inversely  as  (heir  cross  sections;  which  is  a  complete  verification 
of  the  hy|X)thesis  of  Ohm. 

Experiment  4. — A  i-ectangular  wooden  trough  was  con- 
structed, and  its  interior  was  coated  with  wax.  At  one  end  was 
placed  a  porous  cell  containing  a  solution  of  sulphate  of  zinc,  in 
which  a  ])late  of  zinc  was  innnersed  ;  the  rest  of  the  troiigh  was 
filled  with  a  solution  of  sulphate  of  copper,  and  at  the  opposite 
end  a  plate  of  copper  was  immersed.  The  zinc  and  copper 
plates  were  connected  by  a  wire.  The  edge  of  the  trough  was 
graduated ;  two  copper  ^vires  dipped  into  the  solution  of  suljjhate 
of  copper,  and  by  means  of  the  graduation  their  exact  distance 
asunder  could  be  readily  ascertained.  One  of  these  wires  w'as 
well  connected  with  the  earth,  the  other  was  connected  with  the 
upper  plate  of  the  condenser.  The  mode  of  experiment  was,  in 
fact,  the  same  as  that  pursued  with  the  metallic  portion  of  the 
circuit.  Here  also  it  was  found  that  the  tension  at  the  point 
connected  with  the  discharging  wire  was  zero ;  right  and  left 
from  this  point  a  regular  increase  of  tension  was  observed ;  on 
that  side  from  which  the  current  ])rocecded  the  electricity  was 
positive,  on  the  other  side  negative.  Further,  according  to  the 
view  of  Ohm,  who  imagined  the  electricity  to  make  its  way 
through  the  interior  of  both  metallic  and  fluid  conductors,  the 
tension  at  every  point  in  any  given  cross  section  is  the  same.  In 
the  case  of  a  metallic  conductor  it  is,  of  course,  impossible  to  test 
this  experimentally;  but  in  the  fluid  portion  of  the  circuit, 
M.  Kohlrausch  found  exactly  the  same  tension  throughout  each 
transverse  section,  whether  he  raised  or  sunk  the  wire  (which  in 
these  experiments  was  everywhere  coated  with  shell-lac  except  at 
its  extreme  end)  in  the  fluid,  or  pushed  it  more  or  less  aside 
laterally*. 

I  trust  the  reader  bears  in  mind  what  has  been  said  regarding 
the  electric  "  fall."  The  greater  the  resistance  offered  to  the 
passage  of  the  current,  the  greater  the  fall.  In  a  thin  wire,  the 
line  expressing  the  tension  at  every  point  will  be  a  steeper  gra- 
dient than  in  a  thick  wire ;  and  in  the  fluid  portion  of  the  circuit 
the  gi-adient  may  be  expected  to  be  steeper  than  in  either  of  the 
former  cases,  for  here  the  resistance  is  greatest.  The  simplest 
possible  circuit  must  therefore  exhibit  a  series  of  gradients  ex- 
pressive of  the  tension  of  its  various  parts.  There  is  the  fall 
along  the  connecting  wire,  the  fall  along  the  zinc  and  copper 
plates  (which,  however,  is  practically  zero,  as  they  offer  almost 
no  resistance),  and  the  fall  along  the  fluid.     But  let  us  suppose 

*  Weber  and  Kh'chhoff  differ  from  Ohm  here.  They  do  not  admit  a 
motion  of  the  fluid  tliroup:h  the  interior  of  the  eonductor,  but  solely  along 
its  surfaee.  Their  hyjiotheses,  however,  lead  them  to  results  which  en- 
tirely agi'ee  with  Ohm's. 
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the  resistance  in  every  portion  of  the  circuit  to  be  refeiTed  to  a 
certain  unit,  and  that  the  distances  along  the  datum  hne  from 
which  the  tensions  are  plotted  are  measured  off  with  reference  to 
this  unit ;  that,  for  example,  if  an  inch  of  the  fluid  portion  ex- 
hibit a  fall  thre£  times  as  great  as  an  inch  of  the  solid  portion, 
the  said  Huid  portion  shall,  on  the  datum  line,  be  expressed  by 
a  distance  three  times  as  great  as  that  which  expresses  an  equal 
length  of  the  solid  portion ;  it  is  evident  that  when  the  resist- 
ances are  thus  referred  to  a  common  standard,  the  line  which 
expresses  the  tension  must  be  one  uniform  gradient  from  begin- 
ning to  end.  Ohm  calls  the  length  of  a  circuit  referred  to  such 
a  standard  its  reduced  length. 

It  has  already  been  stated,  that  when  any  point  of  the  circuit 
is  perfectly  discharged,  the  tension  at  this  point  is  null,  and  in- 
creases in  tension  right  and  left,  showing  positive  electricity  on 
that  side  of  the  point  from  which  the  current  proceeds  and  ne- 
gative electricity  at  the  other  side;  the  length  of  the  circuit 
which  shows  the  one  fluid  or  the  other  will  depend  upon  the 
position  of  the  point;  if  exactly  central,  as  at  a",  fig.  5,  the 
lengths  will  be  alike.  If  the  point  be  nearer  to  the  zinc  pole 
than  to  the  copper  pole  of  the  arrangement,  as  at  a',  the  length 
of  wire  exhibiting  positive  electricity  will  be  greater  than  the 
length  exhibiting  negative  electricity ;  and  if  the  point  be  chosen 
contiguous  to  the  zinc  plate,  as  at  a,  the  whole  circuit  will  ex- 
hibit positive  electricity. 

Having  the  electromotive  force  be,  and  the  reduced  length  of 
the  circuit,  we  are  taught  by  the  theory  of  Ohm  to  deduce  by 
simple  calculation  the  electroscopic  state  of  every  single  point. 
Let  the  scheme  in  tig.  6  represent  the  state  of  things  in  a  circuit 
where  the  discharged  point  a  is  contiguous  to  the  zinc  pole. 
The  reduced  length,  ab,  and  the  electromotive  force,  be,  being 
given,  let  d  be  any  point  whose  tension,  de,  we  wish  to  ascertain. 
Let  bc=a,  de=u,  'ab  =  l,  ad=.\;  then  by  similar  triangles, 

u:  a  =  \:  I,  or  u=.  -: .  a; 

or,  expressed  in  words,  if  the  reduced  length  of  the  circuit  be- 
tween the  discharged  point  and  the  point  whose  tension  is  sought 
be  divided  by  the  reduced  length  of  the  entire  circuit,  the  quo- 
tient, multiplied  by  the  electromotive  force,  gives  the  tension  at 
the  required  point. 

In  submitting  this  fonnvda  to  an  experimental  test,  M.  Kohl- 
rausch  made  use  of  the  wooden  trough  before  alluded  to.  The 
copper  and  zinc  plates  were  imitcd,  as  in  one  of  the  experiments 
already  described,  by  a  long  fine  wire,  bent  from  side  to  side  of  a 
wooden  frame  in  a  zigzag  manner.     The  tensions  of  the  points 
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described  below  were  determined  by  direct  experiment.  The 
electromotive  force  was  also  determined,  the  reduced  length  of 
the  circuit  was  found  by  measuring  the  resistances  of  its  various 
parts,  and  from  these  two,  the  electromotive  force  and  the  re- 
duced length,  the  tensions  due  to  the  same  points  were  calculated 
by  the  foregoing  formula. 


Points  examined. 

The  second  lower  angle  of  the  zigzag. 
The  fourth  lower  angle  of  the  zigzag. 


The  sixth  lower  angle  of  the  zigzag. 

The  point  where  the  zigzag  joined  the  copper. 

e.  The  solution  of  sulphate  of  copper  2"02  inches  from  the 
plate  of  copper. 

/.  The  solution  of  sulphate  of  copper  4*02  inches  from  the 
plate  of  copper. 

ff.  The  solution  of  the  sulphate  of  copper  6  inches  from  the 
plate  of  copper. 

h.  The  solution  of  sulphate  of  copper  8  inches  from  the  plate 
of  copper. 

In  the  following  table  the  results  obtained  by  calculation  are 
compared  -oith  those  obtained  by  direct  experiment ;  the  quan- 
tity X,  is  the  same  as  that  contained  in  the  formula. 


X. 

M  calculated. 

«  observed. 

a 

118  5 

0-93 

0-85 

b 

237 

1-8G 

1-85 

c 

355-5 

2-80 

2-69 

d 

4/4 

3-73 

370 

e 

610-3 

4-80 

5-03 

f 

745-3 

5-86 

5-99 

g 

879 

6-91 

6-93 

h 

1014 

7-98 

7-96 

The  truth  of  Ohm's  formula,  which  he  derived  from  consi- 
derations purely  theoretical,  appears  to  be  placed  beyond  the  pale 
of  doubt  by  these  results.  Hitherto  the  celebrated  law  which 
usually  bears  his  name  has  rested  upon  a  basis  of  conjectm-e 
merely ;  and  to  the  extraordinaiy  patience  and  refined  experi- 
mental skill  of  M.  Kohlrausch  is  due  the  credit  of  giving  to  this 
conjectural  foundation  the  stability  of  fact. 

It  may  be  stated,  in  addition,  that  the  same  physicist  has  also 
examined  the  thermo-circuit,  and  has  not  only  demonstrated  the 
existence  of  electric  tension  at  its  poles,  but  also  proved  that  the 
electricity  obeys  the  same  law  of  distribution  as  that  true  for  the 
voltaic  circuit. 

Queenwood  College.  March  1852. 
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XL VII.  A  Mathematical  Theory  of  M.  Foucault's  Pendulum 
Experiment.  By  the  Rev.  J.  Challis,  M.A.,F.R.S.,  F.R.A.S., 
Plumian  Professor  of  Astronomy  and  Experimental  Philosophy 
in  the  University  of  Cambridge"^. 

THE  remarkable  experiment  which  recently  attracted  the 
attention  of  mathematicians_,  as  being  a  practical  demon- 
stration of  the  earth^s  rotation,  has  already  received  vai'ious  illus- 
trations and  theoretical  explanations ;  but  I  am  not  aware  that 
any  explanation  has  yet  been  derived,  according  to  rule,  from  the 
differential  equations  of  motion,  which  on  the  principles  of  dy- 
namics especially  belong  to  the  problem.  I  propose  in  this  com- 
munication to  form  those  equations,  and  by  means  of  them  to 
show  that  the  facts  observed  may  be  explained  on  the  hj^othesis 
of  the  earth's  rotation. 

The  problem  may  be  generally  stated  thus  : — To  determine 
the  motion  of  a  ball  suspended  from  a  given  point  of  the  earth 
by  a  slender  cord,  and  acted  upon  by  gravity,  the  earth  being 
supposed  to  revolve  about  an  axis  with  a  given  angular  velocity. 

Conceive  a  line  to  be  drawn  through  the  point  of  suspension 
of  the  ball  parallel  to  the  axis  of  rotation  of  the  earth,  and  a 
motion  equal  and  opposite  to  that  which  this  line  has  in  space 
at  any  instant,  to  be  impressed  on  all  particles  of  the  earth  inclu- 
sive of  the  cord  and  ball.  The  line  will  thus  be  brought  to  rest, 
and  all  other  points  will  begin  to  movfe  as  if  they  were  revolving 
about  it  with  the  earth's  angular  motion.  By  supposing  this 
axis  to  remain  at  rest,  and  the  angular  motion  to  continue,  the 
motions  we  are  about  to  consider  will  not  be  relatively  altered. 
On  this  supposition,  the  direction  of  the  force  of  gravity,  being 
always  perpendicular  to  the  earth's  surface,  will  revolve  about 
the  same  axis.  Consequently,  the  problem  above  enunciated  is 
identical  in  its  dynamical  conditions  with  the  follo^'ing : — 

To  determine  the  motion  of  a  ball  suspended  by  a  slender 
cord  from  a  point  in  a  fixed  axis,  and  acted  upon  by  a  con- 
stant force  in  the  direction  of  a  line  making  a  given  angle  with 
the  axis  and  revolving  about  it  with,  a  given  angular  velocity. 

Conceive  0  to  be  the  point  of  suspension,  and  OX,  OY,  OZ 
to  be  fixed  rectangular  axes,  of  which  OZ  (drawn  downwards) 
coincides  with  the  axis  of  rotation.  OA  is  the  direction  of  gra- 
vity, making  a  constant  angle  AOZ(\)  with  OZ,  viz.  the  co-lati- 
tude of  the  place  where  the  experiment  is  made.  P  is  the  posi- 
tion of  the  centre  of  the  ball,  OP  =  a  the  length  of  the  cord,  and 
X,  y,  z  are  the  coordinates  of  P  at  the  time  /.  Let  to  =  the 
earth's  velocity  of  rotation,  and  consequently  the  angular  velocity 

*  Communicated  bv  the  Author. 
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of  OA  about  OZ,  and  let  (u/=  the  angle  which  the  plane  AOZ 
makes  with  the  i)laue  YOZ  at  the  time  t. 

The  force  of  gravity  being  g,  the  resolved  parts  in  the  direc- 
tions of  OX,  OY,  OZ  arc 

g  ,  cos  AOX,         g  .  cos  AOY,         g  .  cos  AOZ  ; 
or 

g  .  sin  \  sin  cot,     g  .  sin  A.  cos  cot,     g  .  cos  \. 

The  accelerativc  force  of  the  tension  of  the  cord  being  T,  the 
resolved  parts  in  the  same  directions  are 

_Tx      _Ty       _T£ 
a  '  a  '  a  ' 

Consequently, 

d\T  .  Tx 

-7^  =n  siuX  sin  cot 

ar  a 

^y         ■   ^          ,    1> 
— g  =(7  sm  X  cos  Q)t — 

_=^cosX--. 

These  are  the  diflFerential  equations  it  was  proposed  to  find. 

It  will  be  convenient  to  transform  these  equations  into  others 
containing  new  rectangular  coordinates  x\  y',  z'  of  V,  referred  to 
the  same  origin  O,  the  axis  of  a,'  being  in  the  plane  AOZ  at  right 
angles  to  OA,  the  axis  of  ?/  perpendicular  to  this  plane,  and  the 
axis  of  z'  coincident  with  OA.  It  will  be  assumed  that  the  po- 
sitive direction  of  a.'  is  towards  the  plane  Y'OX,  the  positive 
direction  of  y'  towards  the  plane  Y  OZ,  and  the  positive  direction 
of  z'  that  of  the  action  of  gravity.  This  being  premised,  the 
following  relations  between  the  two  systems  of  coordinates  may 
be  readily  found  : 

CL'  =  [J  sin  X  +  x'  cos  X)  sin  cot—y'  cos  cot 

y  =  [z'  sin  X  +  x^  cos  X)  cos  cot  +  ?/'  sin  cot 

z  =  z'  COS  X  —  x'  sin  X. 

By  substituting  these  values  of  x,  y,  z  in  the  foregoing  equa- 
tions, the  following  results  may  be  obtained  : 

—-5-  = 2a)  cos  X  -J7  +  &)^  cos  X(r'  sin  X  +  a}  cos  X) 

dt^  a  (It 

-rT=i ^  +  2a)(  —  sm X+  -j- cos X  )  +  co^i/ 

dt^  a  \dt  dt  / 

-— -  =0 2(«.ynX-7-  +&»  5»inX(r  smX  +  a^cosX). 

dt^      ^        a  dt 
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Multiplying  these  equations  respectively  by  2dx',  2dy^,  2dz',  add- 
ing them  together,  and  integrating,  we  get  (since  x'dx'  +  y'dy' 
+  zW  =  0), 

dr'^        dij''^        r/''2 

W-^W-^iF  =C  +  2^.~'  +  a>^{(.~'smX-a'cosX)^  +  y^}. 

Let  0=  the  Z  POZ  which  the  cord  makes  with  the  fixed  axis. 
Then 

«2  sin^  ^  =  (^'  sin  X  -  x'  cos\)^  +  7j'K 

Hence  if  V  =  the  velocity  of  the  ball  relatively  to  the  plane  AOZ, 
that  is,  the  plane  of  the  meridian,  and  if  Vj,  h,  and  6^  be  the 
initial  values  of  V,  z',  and  6,  we  have 

Excepting  for  the  last  term,  which  is  always  very  small  on  ac- 
count of  the  factor  w^,  the  expression  for  the  velocity  is  the  same 
as  if  the  earth  had  no  rotation. 

Again,  multiplying  the  first  of  the  above  equations  by  y',  and 
the  second  by  x',  and  subtracting,  we  have 

+  oj^y'sin  \[z'  cos  X —a.'  sin  \) . 
Hence  by  integration. 


(/3) 


y>^-x'^=}l-(ocos\{x"'  +  y'^)-2cosin\/'x'^dt 
^   dt  dt  \         i>  I  -J      dt 

-f-  ft)^  sin  Xfly'^  cos  \—x'y'  sin  X)dt 

Putting  now  r'"^  for  a/^  +  y''^,  the  tenii  —  ?-'^  &>  cos  X  is  twice  the 
area  described  in  the  unit  of  time,  by  the  perpendicular  {?-')  from 
the  centre  of  the  ball  on  the  vertical  OiV,  in  consequence  of  a 
horizontal  angular  motion  of  r'  equal  to  w  cos  X.  By  consider- 
ing in  what  directions  x'  and  y'  were  reckoned  positive,  it  will 
appear  that  the  constant  H  is  positive  when  the  motion  of  the 
ball  about  OA  is  in  the  same  direction  as  the  earth's  rotation, 
and  consequently  that  the  negative  sign  above  indicates  that  the 
angular  motion  wcosX  is  in  the  contrary  direction.  We  have 
thus  arrived  at  the  following  general  result : — 

AMiatever  other  motion  the  ball  may  have,  it  has  an  apparent 
motion  of  rotation  from  left  to  right  about  the  vertical,  equal  to 
the  earth's  rotation  multiplied  by  the  cosine  of  the  co-latitude. 

It  will  be  seen  that  this  is  a  complete  explanation  of  the  fact 
observed  by  M.  Foucault.  To  compare  the  theoretical  results 
more  closely  with  the  circumstances  of  the  experiment,  let  us 
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suppose  the  ball  to  have  initially  no  velocity  relatively  to  the 
plane  AOZ,  and  also  to  be  started  in  a  direction  pei*pendicular 
to  the  meridian  at  a  small  distance  from  the  vertical.  Thus  we 
shall  have  in  equation  (a),  Vj  =  0,  ^,=X  nearly,  and  the  motion 
will  at  all  times  be  small.  The  last  term  of  that  equation  will 
be  insignificant,  both  because  w^  is  very  small,  and  because 
sin^^— sin^X  will  have  in  each  excursion  small  positive,  and 
small  negative  values  of  nearly  equal  magnitude.  Thus  very 
approximately, 

V2=2^(.^-/0 (7) 

Again,  in  the  equation  (/S),  the  term  involving  —r-  will  be  in- 
significant, the  motion  being  by  supposition  nearly  perpendicular 
to  the  axis  of  z'.  Also  the  factor  (o^  makes  the  last  term  veiy 
small.  It  is,  however,  to  be  observed,  that  while  the  product 
y^'  is  alternately  positive  and  negative  in  each  excursion  of  the 
ball  by  reason  of  the  change  of  sign  oiy',  the  product  x'y'  changes 
sign  slowly,  the  excursions  being  nearly  in  a  plane.  The  eiFect 
of  the  term  involving  xhj  might  possibly  be  sensible  in  a  delicate 
experiment.     Neglecting  the  small  terms,  we  have 

2/^'-^'^=H-a)CosX(^'2  +  y'^).        .     .     (g) 

The  equations  (7)  and  (8)  apply  to  any  small  vibrations 
affected  by  the  earth^s  rotation.  If  the  term  in  (8)  involving  w 
be  omitted,  the  equations  arc  the  same  that  would  be  obtained 
on  the  supposition  of  no  rotation,  in  which  case,  as  is  known, 
the  ball  moves  in  a  small  ellipse,  the  axes  of  which  pass  through 
the  vertical  and  have  given  inclinations  to  the  plane  of  the  meri- 
dian. The  effect  of  the  rotation  of  the  earth,  from  what  has 
been  shown,  is  to  cause  the  ellipse  to  revolve  relatively  to  the 
plane  of  the  meridian  about  the  vertical  from  left  to  right  with 
the  angular  velocity  to  cos  X. 

The  case  of  larger  excursions  might  be  treated  in  the  manner 
employed  by  i\Ir.  Aiiy  in  the  IMemoirs  of  the  Royal  Astrono- 
mical Society,  vol.  xx.  p.  121,  the  foregoing  result  being  taken 
as  the  first  approximation,  instead  of  supposing  the  axes  of  the 
ellipse  to  have  fixed  directions  with  respect  to  the  plane  of  the 
meridian, 

Cambridge  Observatory, 
April  5,  1852. 
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XLVIII.  On  the  supposed  Identity  of  the  Agent  concerned  in  the 
Phenomena  of  ordinary  Electricity,  Voltaic  Electricity,  Electro- 
magnetism,  Magneto-electricity,  and  Thermo-electricity.  By 
M.  Donovan,  Esq.,  M.R.I.A. 

[Continued  from  p.  299.] 

Section  IV. 

THE  foregoing  experiments  and  reasonings  are  adduced  by 
Professor  Faraday  in  support  of  his  opinions  relative  to  the 
enormous  quantity  of  electricity  M'hich  he  conceives  is  naturally 
associated  wT.th  matter.  It  was  necessaiy  to  prove  the  existence 
of  a  soiu'ce  so  abundant  as  the  vast  quantity  supposed  to  consti- 
tute the  current  required.  Without  this  peculiar  character  of 
the  cun-ent,  it  could  not  be  applied  to  explain  the  difference  be- 
tween the  effects  of  ordinaiy  and  voltaic  electricity.  In  further 
support  of  that  opinion,  his  next  object  was  to  prove  that  sup- 
pUes  of  ordinaiy  electricity  equally  abundant  are  required  to 
produce  effects  commensurate  with  those  of  voltaic  electricity ; 
and  as  the  cause  must  equal  the  effect,  he  thus  derives  a  new 
argument  in  favour  of  the  intensely  electrical  condition  of  matter. 

In  furtherance  of  these  views,  he  made  many  experiments  in- 
tended "  to  obtain  a  common  measure,  or  a  known  relation  as  to 
quantity,  of  the  electricity  excited  by  a  machine,  and  that  from 
a  voltaic  pile,  for  the  pui'pose  not  only  of  confirming  their  iden- 
tity "  by  proving  "  that  the  differences  of  intensity  and  quantity 
are  quite  sufficient  to  account  for  what  were  supposed  to  be  their 
distinctive  quantities,^^ ''  but  also  of  demonstrating  certain  general 
principles*.''^ 

To  support  the  opinion  of  identity,  and  to  account  for  the 
dissimilarity  of  the  voltaic  and  ordinary  electrical  current,  he  has 
made  it  a  chief  object  to  adduce  facts  calculated  to  determine  the 
ratio  in  which  the  two  kinds  of  electi-icity  are  required  to  act  in 
producing  equal  effects.  A  second  object  was  to  give  additional 
suppoit  to  his  view  of  the  absolute  quantity  of  electricity  with 
which  matter  is  associated.  To  facilitate  this  and  many  other 
iuquii'ies,  he  makes  use  of  the  following  law : — "  If  the  same 
absolute  quantity  of  electricity  pass  through  the  galvanometer, 
whatever  may  be  its  intensity,  the  deflecting  force  upon  the  mag- 
netic needle  is  the  samef." 

The  general  method  adopted  in  his  experiments,  was  to  charge 
a  Leyden  batteiy  with  a  cei-tain  number  of  turns  of  a  powerful 
plate-electrical  machine,  occasionally  vamng  the  number  of  jars 
employed,  to  transmit  the  charge  through  a  galvanometer,  and 
to  note  the  deflection.     In  the  first  experiment,  eight  jars  were 
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"  charged  by  thirty  turns  of  the  machine,  and  discharged  through 
the  galvanometer,  a  tliick  Avet  string  about  ten  inches  h)ng  being 
inehided  in  the  circuit.     The  needle  was  iunnediately  deflected 

Seven  more  jars  were  then  added  to  the  eight,  and  tlu;  whole 
fifteen  were  charged  by  thirty  turns  of  the  machine.  When  the 
discharge  was  passed  through  the  galvanometer,  the  needle  de- 
viated exactly  to  the  22nd  degree  as  before.  The  whole  battery 
of  fifteen  jars  was  now  charged  with  fifty  turns  of  the  plate,  and 
the  cUscharge  was  made  through  the  galvanometer  I)y  means  of 
various  media.  Through  a  thick  wet  string,  the  charge  passed 
at  once ;  with  a  thin  string,  it  occupied  a  sensible  time ;  and 
with  a  thread,  it  required  two  or  three  seconds.  "The  current, 
therefore,  must  have  varied  extremely  in  intensity  in  these  dif- 
ferent cases,  and  yet  the  deflection  of  the  needle  was  the  same  in 
all  of  themf.'^  Hence  he  infers  the  law  already  mentioned,  that 
the  same  quantity  of  electricity  affects  the  magnetic  needle 
equally,  no  matter  what  the  intensity. 

In  the  first  place,  it  is  to  be  observed  that  this  law  has  not 
received  universal  assent.  Pouillet  lays  down  the  very  reverse 
of  it :  he  says,  "  Wc  may  call  currents  of  the  same  intensity  those 
which  produce  the  same  deflection  :"  "a  current  will  have  double 
or  triple  the  intensity  of  another  current  when  it  produces  de- 
flections of  which  the  sines  are  double  or  triple,"  as  indicated  by 
the  compass  of  sines  J. 

The  experiments  of  Faraday,  and  the  inference  drawn  from 
them,  are  very  important,  and  require  some  scrutiny.  He  found, 
it  is  true,  that  thirty  turns  of  the  plate  produced  a  quantity  of 
electricity,  which,  whether  received  into  eight  or  fifteen  jars,  and 
passed  through  the  galvanometer,  occasioned  the  same  degree  of 
deflection.  But  in  this  there  appears  nothing  but  what  might 
have  been  expected  and  ought  to  happen.  The  quantity  of  elec- 
tricity was  the  same  in  both  cases :  the  intensity  certainly  dif- 
fered when  eight  or  fifteen  jars  were  used,  that  is,  while  the 
electricity  was  contained  in  the  jars ;  but  in  the  act  of  dischar- 
ging them  through  the  galvanometer,  the  whole  quantity,  whether 
from  eight  or  fifteen  jars,  passed  through  the  coil,  and  was  raised 
at  that  instant  to  the  intensity  which  the  small  surface  of  the 
wire  of  the  coil  condensed  it  into  and  determined.  It  is  quite 
indifferent  whether  the  electricity  of  thirty  turns  of  the  plate- 
machine  were  diffused  over  the  coated  surface  of  eight  jars,  or 
fifteen,  or  one  hundred ;  for  although  the  intensity  of  that  quan- 
tity while  in  the  jars  would,  according  to  their  number,  be  very 
different,  yet  the  whole  charge  must  pass  from  all  the  jars  at  the 
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same  instant ;  and  then,  by  the  I'eunion,  the  former  intensity 
would  be  changed  into  a  new  one,  which  would  be  determined 
by  the  diameter  of  the  wire  constituting  the  coil,  and  its  more  or 
less  perfect  insulation.  Hence  the  number  of  jars  that  contains 
the  charge  is  of  little  consequence,  when  the  whole  electricity 
contained  in  them  must  be  reunited  in  the  galvanometer  wire  ; 
be  the  number  of  jars  what  it  may,  the  intensity  in  the  coil  will 
be  the  same  so  long  as  the  total  quantity  is  the  same,  and  there- 
fore the  deflection  will  be  the  same. 

The  case  is  similar  to  that  of  the  common  experiment  of  melt- 
ing an  iron  wire  by  the  discharge  of  a  Leyden  battery.  If  the 
battery  contain  the  quantity  of  electricity  adequate  to  melt  a 
certain  length  of  the  wire,  it  matters  not  whether  the  charge  be 
contained  in  one  jar,  or  ten,  or  one  hundred.  V>'hen  the  discharge 
takes  place,  the  contents  of  all  the  jars  will  pass  through  the 
wire  at  the  same  instant,  in  the  same  degree  of  concentx'ation  as 
if  the  whole  charge  had  been  confined  in  one  jar  only ;  and  the 
fusion  of  the  same  length  of  wire  will  as  certainly  follow  in  all 
eases.  I  take  no  account  of  a  little  waste  which  the  connecting 
rods  of  the  jars  would  cause. 

Professor  Faraday  now  charged  the  fifteen  jars  of  the  battery, 
not  as  before  with  thirty  turns  of  the  plate-machine^  but  with 
fifty;  and  made  the  discharge,  sometimes  with  a  mere  wet 
thread,  sometimes  through  38  inches  of  thin  string  wet  with 
distilled  water,  and  sometimes  through  a  string  of  twelve  times 
the  thickness,  12  inches  in  length,  and  soaked  in  dilute  acid. 
The  intensity  of  the  current  constituting  the  discharge  must 
have  varied,  as  he  conceives,  extremely  in  these  several  cases ; 
and  yet  the  deflection  was  "  sensibly  the  same  in  all  of  them*." 

In  this  experiment,  so  different  in  aspect  yet  so  snnilar  in 
results,  there  appears  to  be  no  real  acklitional  evidence  in  favour 
of  the  law  deduced.  In  the  first  place,  it  is  to  be  remembered 
that  the  greatest  deflection  of  the  needle  in  Colladon^s  experi^ 
meuts  was  40*^,  and  in  Faraday's  44°.  These  deflections  seem 
to  have  been  produced  by  the  maximum  quantity  of  electricity 
which  these  particular  galvanometer  coils  were  capable  of  insu- 
lating; for  the  wire  of  the  cod  will  not  conduct,  through  its 
whole  length,  any  quantity  of  common  electricity  which  we 
choose  to  present  to  it.  M.  Colladon  observes,  that  '"^  electricity 
of  great  tension  easily  passes  from  one  turn  to  another  across  the 
silk  which  separates  themf-"  In  proof  of  this,  he  found  that  by 
transmitting  a  current  of  electricity  from  a  Nairne's  machine,  or 
a  plate-machine  of  5  feet  diameter,  through  a  Nobili's  galvano- 
meter, the  de\aation  did  not  exceed  3^  or  4''.     But  on  employing  a 
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galvanometer  of  500  turns  oi  wire  doubly  covered  with  silk,  each 
series  of  turns  being  separated  by  varnished  taiFctas,  the  devia- 
tion produced  hy  the  same  machines  was  almost  tenfold.  Hence 
in  Faraday's  galvanometer,  the  silk  was  capable  of  carrying  as 
much  electricity  as  produced  40°  or  41°  of  deflection*;  and 
anything  more  than  this  quantity  was  probably  transmitted  late- 
rally from  wire  to  wire  without  ])assing  through.  He  does  not 
inform  us  what  the  amount  of  deflection  was  in  these  experi- 
ments ;  we  therefore  have  no  evidence  of  its  agreement  with  the 
deflection  produced  by  other  charges  of  the  Leyden  battery. 

But  it  is  stated  that  the  transmission  of  the  charge  through 
the  different  wet  strings  produced  equal  deflection,  whatever  its 
amount  might  have  been.  "With  the  thick  string,  the  charge 
passed  at  once  :"'  this  cannot  be  intended  to  be  literally  under- 
stood, for  then  the  discharge  would  constitute  an  ex])losion  ;  the 
discharge  must  therefore  be  understood  as  having  taken  place  in 
an  exceedingly  rapid  cm-rent.  "  A^'ith  the  thin  string,  it  occupied 
a  sensible  time;"  that  is,  the  current  was  not  quite  so  rapid,  yet 
still  the  period  was  so  short  that  it  was  barely  sensible.  "  And 
with  the  thread,  it  required  two  or  three  seconds  before  the  elec- 
trometer fell  entirely  down." 

We  must  carefully  consider  what  happens  when  a  Leyden 
battery  is  discharged,  by  a  wet  string,  through  a  galvanometer. 
The  charge  of  the  battery  in  all  Faraday's  trials  was  the  same, 
and  would  therefore  in  all  the  three  cases  make  the  same  efi"ort 
to  pass  at  once,  but  would  be  retarded  more  or  less  according  to 
circumstances.  The  circumstances  which  modify  the  passage  of 
the  electric  discharge  are  the  thickness,  humidity,  and  length  of 
the  strings  :  as  to  the  conducting  power  of  the  liquid  with  which 
the  strings  were  moistened,  it  need  not  be  considered  in  the  case 
of  common  electricity.  Faraday  himself  says,  "  the  tension  of 
machine  electricity  causes  it,  however  small  in  quantity,  to  pass 
through  any  quantity  of  water,  solutions,  or  other  substances 
classing  with  these  as  conductors,  as  fast  as  it  can  be  producedf-^' 
The  only  modifying  influence  which  these  three  circumstances 
can  exert,  is  to  retard  the  velocity  of  the  discharge;  and  yet  the 
discharge  must  take  place  with  all  the  velocity  that  the  modi- 
fying circumstances  will  permit.  This  velocity,  although  some- 
what retarded,  is  still  very  great.  The  intensity  of  the  electri- 
city confined  in  a  Leyden  battery  is  also  very  great ;  and  that 
intensity  will  be  communicated  to  a  string  wet  with  so  good  a 
conductor  of  common  electricity  as  water  is  known  to  be,  although 
it  is  not  a  perfect  one.  The  electrical  intensity  of  the  string 
must  be  the  same  as  that  of  the  battery;  and  the  quantity  of 
electricity  in  the  string  at  any  one  moment  is  as  great  as  its 
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dimensions  can  endure  :  tlie  conducting  power  of  the  water  can 
only  affect  the  velocity  of  the  discharge^,  not  the  intensity  of  the 
charge.  The  difference  of  the  dimensions  of  the  strings  will 
cause  scarcely  any  difference  of  intensitj'  in  their  charge,  so  ex- 
ceedingly small  is  their  surface  compared  with  that  of  the  coating 
of  the  Leyden  battery.  The  surface  of  Faraday's  battery  being 
3150  square  inches,  a  thread  38  inches  long  and  ^jth  of  an  inch 
diameter  will  expose  a  surface  630  times  less  than  the  battery. 
The  battery,  therefore,  being  in  all  the  three  cases  charged  with 
fifty  turns  of  the  plate-machine,  will  impart  the  same  intensity 
to  the  strings ;  and  these  will  communicate  the  same  intensity 
of  charge  to  the  galvanometer  coil.  As  intensity  is  quantity 
compared  to  space,  it  follows  that  as  the  intensity  in  all  the 
three  cases  is  the  same,  so  is  the  quantity  in  the  coil  at  any  par- 
ticular instant  of  time;  and  so  must  be  the  deiiection.  But  the 
state  of  the  coil  at  the  first  instant  would  detei'mine  the  swing 
of  the  needle ;  for  the  needle  reaches  its  extreme  deviation,  not 
entirely  in  consequence  of  the  true  deflecting  power  of  the  elec- 
tricity transmitted,  but  partly  by  the  momentum  which  it  has 
acquired  from  the  first  impulse ;  and  before  this  ceases  to  act, 
or  while  the  needle  is  in  the  condition  of  being  constrained  to 
resume  its  place  by  the  power  of  terrestrial  magnetism,  the  whole 
discharge  will  have  taken  place,  no  matter  whether  it  occupied 
"  a  sensible  time  "  only,  or  "  two  or  three  seconds." 

Thus  the  velocity  of  the  discharge  from  the  Leyden  battery, 
although  modified  by  the  thickness,  length,  and  humidity  of  the 
string,  has  nothing  to  do  with  the  intensity  of  the  electricity 
which  passes.  One  charge  may  pass  more  slowly  than  another, 
by  meeting  more  resistance  from  the  nature  of  the  conducting 
substance,  and  yet  be  of  the  same  intensity.  The  difference  of 
time  must,  however,  always  be  exceedingly  small. 

In  anqther  experiment,  the  batteiy  of  fifteen  jars  was  charged 
by  sixty  revolutions  of  the  machine,  and  discharged  as  before 
through  the  galvanometer  :  "  the  deflection  of  the  needle  was 
now  as  nearly  as  possible  44°,"  but  the  graduation  was  not  accu- 
rate enough  to  determine  that  the  arc  was  exactly  double  the 
former  arc ;  to  "  the  eye  it  appeared  to  be  so."  This  result  was 
expected :  the  charge  in  the  battery  was  double,  and  the  inten- 
sity of  electricity  in  the  galvanometer  coil,  through  which  the 
whole  charge  passed,  was  consequently  doubled :  no  wonder, 
then,  that  the  force  which  was  to  produce  deflection  of  the  needle 
was  also  doubled ;  but  I  shall  have  to  make  further  observations 
on  this  experiment  hereafter.  We  may  therefore  deny  that  the 
intensity  was  different  in  any  of  the  experiments ;  and  we  are 
not  bound  to  admit,  that  "  if  the  same  absolute  quantity  of  elec- 
tricity pass  through  the  galvanometer,  whatever  mav  be  its  in- 
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tensity,  the  deflecting  force  upon  the  magnetic  needle  is  the 
same." 

It  is  very  important  to  recall  here,  that  in  Colladon's  experi- 
ments it  was  clearly  proved,  although  the  inference  was  not 
drawn  by  him,  that  the  highest  deflections  were  ])roduced  by  the 
highest  intensities.  With  a  Nairne's  electrical  machine,  be- 
tween the  conductors  of  which  a  galvanometer  was  placed,  he 
could  only  obtain  a  deflection  of  3"^  or  4°;  but  wlien  the  charge 
of  a  large  Leydcn  battery  was  silently  passed  through  the  galva- 
nometer by  means  of  a  point,  the  deflection  amounted  to  40°. 
When  he  used  a  galvanometer  capable  of  sustaining  a  high  in- 
tensity, and  consisting  of  500  turns,  a  Nairne's  machine  required 
to  be  worked  at  the  prodigious  rate  of  three  revolutions  in  a 
second  in  order  to  produce  a  deflection  of  35°;  and  without  this 
velocity,  the  necessary  intensity  not  being  produced,  that  amount 
of  deflection  could  not  be  obtained.  I  do  not  see  how  these 
facts  are  reconeileable  with  the  law  in  question. 

The  case  appears  to  stand  thus.  The  absolute  quantity  is  the 
total  charge  contained  in  the  Leydcn  battery,  all  of  which  the 
hypothesis  assumes  to  pass  in  a  current  of  successive  portions. 
I  think  it  will  scarcely  be  denied,  that  no  portion  of  electricity 
can  act  except  that  which  is  present  in  tlie  galvanometer  coil  at 
any  particular  instant  of  time  ;  the  portions  still  in  the  Leydcn 
battery  can  have  no  effect ;  or  in  other  words,  the  total  quantity 
is  not  the  efflcient  cause  of  deflection.  The  portion  in  the  coU 
at  any  particular  instant  can  therefore  only  act  according  to  its 
quantity,  and  the  space  occupied  by  it  at  that  moment ;  and  in 
point  of  fact,  the  first  portion  of  electricity  which  enters  it,  as 
has  already  been  shown,  is  that  which  determines  the  swing  of 
the  needle  and  its  amount. 

Even  if  it  were  admitted  that,  in  the  experiments  with  the 
three  wet  cords  or  threads,  there  were  slight  differences  of  inten- 
sity in  them,  the  needle  could  scarcely  be  unequally  affected,  at 
least  in  any  discoverable  degree.  We  have  only  to  admit,  with 
CoUadon,  that  the  coil  can  carry  a  certain  intensity  of  electricity, 
and  no  more ;  that  Faraday's  coil  was  charged  to  saturation  with 
the  current,  which  was  conveyed  into  it  by  the  thinnest  of  the 
wet  strings;  and  that  if  any  excess  of  electricity  had  been  trans- 
mitted by  the  thicker  strings,  it  overflowed  laterally  from  wire 
to  wire.  The  result  of  all  these  admissions  would  be,  that  the 
deflection  must  be  equal  for  all.  It  is  much  to  b^  regretted 
that  we  are  not  informed  of  the  amount  of  these  equal  deflections. 

There  are  other  objections  to  the  manner  in  which  this  law- 
has  been  derived.  It  does  not  appear  to  correspond  with  common 
experience  of  the  character  of  the  electric  fluid,  to  suppose  that 
the   discharge   of  a  battery  would  pass   through  a  w^t  thread 
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without  considerable  loss  from  dispersion ;  or  that  dispersion  by 
a  wet  thread  would  take  place  at  the  same  rate  as  by  38  inches 
of  a  thicker  wet  string ;  or  that  the  38  inches  of  wet  string 
would  disperse  equally  with  a  string  twelve  times  its  thickness 
and  one-third  of  its  length  :  water^  as  everyone  knows,  has  a 
singular  power  of  dispersion.  Nor  can  it  be  admitted  without 
proof,  that  the  galvanometer  coil  in  all  cases,  especially  that 
wherein  the  discharge  of  the  battery  occupied  "  two  or  three 
seconds,^^  transmitted  it  without  overflowing  laterally  from  wire 
to  wire,  or  from  layer  to  layer,  in  the  manner  affirmed  by  Col- 
ladon  to  have  taken  place  in  his  experiments,  and  which  com- 
pelled him  to  use  a  coil  covered  with  double  silk,  and  \\'ith  other 
silk  interposed  between  the  layers.  Faraday  used  a  galvanometer 
in  which  no  such  precautions  were  taken  :  if  none  such  were 
necessary,  why  did  Colladon  fail  Avhen  a  common  galvanometer 
was  employed,  and  why  did  he  succeed  when  he  guarded  against 
lateral  communication  ? 

One  more  observation  may  be  made  in  connexion  with  these 
experiments.  Faraday  endeavoured  to  maintain  the  electric 
machine  as  much  as  possible  at  the  same  degree  of  excitation  or 
power  during  the  whole  of  his  experiments  with  wet  strings.  On 
the  equality  of  the  power  of  the  machine  throughout  depended 
the  truth  and  value  of  the  information  conveyed  by  the  galvano- 
meter ;  and  a  very  small  change  in  the  excitation  of  the  machine 
would  make  a  great  difference  in  the  amount  of  the  charge  com- 
municated to  the  Leyden  battery.  Those  who  are  in  the  habit 
of  using  electrical  machines,  know  how  much  they  are  influenced 
by  a  number  of  causes  :  changes  of  weather,  which  sometimes 
take  place  within  half  an  hour,  alteration  of  the  amalgam  by 
friction,  temporary  cessation  of  working  the  cylinder,  difference 
of  rapidity  in  its  revolutions,  and  other  causes,  will  produce  alter- 
ations of  ])Ower  which  will  be  very  manifest  in  the  charge  com- 
municated to  the  Leyden  battery.  Every  effort  was  no  doubt 
made  to  maintain  an  equal  excitation  of  the  plate-machine  during 
the  continuance  of  the  numerous  experiments  ;  but  it  is  a  ques- 
tion, is  it  possible  to  effect  this  object  ? 

These  arguments  suggest  a  doubt  that  Professor  Faraday's 
experiments  warrant  his  inferences.  I  shall  now  assign  reasons 
for  believing  that  they  lead  to  inferences  of  an  opposite  kind. 
He  conceived  that  the  deflections  of  the  galvanometer  are  in  the 
direct  ratio  of  the  quantity  of  electricity  which  pass  through  it. 
He  found  that  a  certain  quantity  of  electricity  thrown  into  eight 
jars,  and  passed  through  a  galvanometer,  produced  a  deflection 
of  22°;  and  that  double  the  quantity  of  electricity  thrown  into 
fifteen  jars  caused  a  deflection,  which,  as  near  as  the  eye  could 
judge,  was  44°,  or  double  the  former  deflection.     The  want  of  the 
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sixteenth  jar  made  no  difference  in  the  results;  the  double  quantity 
of  electricity  was  present.  The  inference  drawn  was,  that  the 
angular  dolioction  was  doubled  because  the  quantity  of  electricity 
was  doubled.  The  deUcction  aiul  dettecting  force  \\ould  be  in 
the  same  ratio,  if  every  degree  on  the  quadrant  of  the  galvano- 
meter were  of  equal  value  with  regard  to  the  resistance  which 
terrestrial  magnetism  offers  to  the  deflection  of  the  needle*. 
But  every  experiment  proves  that  this  is  not  the  case.  It  is 
proved  by  the  researches  of  Lambert  and  Coulomb^  that  the 
effect  of  terrestrial  magnetism  on  a  freely  suspended  magnetic 
needle  is  as  the  sine  of  the  angle  formed  by  the  magnetic  meri- 
dian with  the  magnetic  axis  of  the  needle.  The  sine  of  an  angle 
of  22"  being  taken  as  =1,  the  sine  of  an  angle  of  44°  would  be 
l*854j  to  have  doubled  the  sinc^  /.  e.  the  force  which  produced 
a  deflection  of  22°,  would  require  that  the  needle  in  the  second 
instance  should  have  stood  at  48^°.  The  law  of  Lambert  would 
apply  to  every  degree  in  the  quadrant  of  a  galvanometer  if  it 
had  but  one  wire,  and  if  that  one  coincided  with  the  magnetic 
meridian ;  but  in  galvanometers  witli  a  coil,  the  law  does  not 
apply.  Melloni  lias  shown,  that  when  the  needles  are  nearly 
astatic,  the  first  20°  are  in  the  direct  ratio  of  the  deflecting 
forcest ;  but  in  the  galvanometer  of  his  construction,  all  degrees 
above  20^  bear  a  dift'erent  value.  According  to  IMelloni's  table, 
Faraday's  results  would  stand  thus :  the  deflection  22°  would 
indicate  a  force  =22-3,  but  the  deflection  44°  would  indicate  a 
force  =78.  Hence  when  the  needle  pointed  to  44°,  instead  of 
indicating  the  passage  of  double  the  quantity  of  electricity  that 
traversed  the  wire  when  the  deflection  was  22°,  it  represented  it 
just  three  and  a  half  times  greater.  Thus  it  would  appear  that 
Faraday's  experiments  do  not  sup])ort  the  law  that  "  the  deflect- 
ing force  of  an  electric  current  is  directly  proportional  to  the 
absolute  quantity  of  electricity  passed,"  but  are  at  variance  with  it. 
If  the  law  itself  fail,  the  comparison  which  he  has  drawn  be- 
tween the  quantity  of  electricity  produced  during  the  chemical 
action  of  acidulated  water  on  certain  wires  (to  be  immediately 
noticed),  and  that  discharged  from  an  electric  machine,  cannot 
be  considered  as  proved.  For  it  may  be  true  that  quantity  has 
no  more  to  do  in  the  phrenomenon  than  in  the  indications  of  Hen- 
ley's electrometer ;  that  intensity  is  the  real  condition  for  causing 

*  Pouillct,  in  describing  a  galvanometer  with  a  coil,  says  "  the  deflec- 
tion increases  \\'\i\\  the  intensity  of  the  current;  but  we  know  that  it  cannot 
ill  any  manner  be  ]n'opoitional  to  this  intensity." — Elen:ents  de  Pliysique, 
vol.  i.  p.  501. 

Faraday  has  not  given  the  ratio  of  deflection  to  the  deflecting  force  in 
his  galvanometer. 

t  This  holds  true  also  according  to  the  law  of  Lambert,  for  the  sine  of 
20°  is  double  the  sine  of  \(P. 
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deflection ;  and  that  a  little  electricity,  or  one  hundred  times 
more,  may  produce  equal  deflection,  provided  that  both  quantities 
are  constrained  to  pass  through  the  galvanometer  at  the  same 
degree  of  intensity.  The  intensity  of  the  small  quantity  may 
endure  for  a  much  shorter  time  than  that  of  the  large  quantity ; 
but  the  effect  on  the  needle  once  produced,  it  will  not,  during 
its  swing,  give  any  indication  of  the  length  of  tiiue  (in  cases  of 
such  momentary  passage  as  that  from  a  Leyden  battery)  during 
which  the  effort  was  sustained  in  the  coil ;  the  momentum  of 
the  needle  will  dcteiininc  the  rest. 

The  law  already  laid  down  was  inferred  by  Faraday  from  his 
experiment  of  passing  common  electricity  through  a  galvano- 
meter under  various  circumstances.  He  states,  that  "the  next 
point  was  to  obtain  a  voltaic  arrangement  producing  an  effect 
equal  to  that  just  described  "  with  common  electricity,  A  wire 
of  platinum  and  a  wire  of  zinc,  each  being  one-eighteenth  of  an 
inch  in  diameter,  were  properly  connected  with  the  galvano- 
meter. Their  other  ends  were  plunged  flve-eighths  of  an  inch 
deep  in  a  mixture  of  one  drop  of  strong  sulphuric  acid  in  four 
ounces  of  water,  and  were  retained  there  for  yS^ths  of  a  minute, 
after  w^hich  they  were  quickly  withdrawn.  The  galvanometer 
needle  was  deflected  to  22°,  exactly  as  in  the  case  of  the  previous 
experiment  with  common  electricity.  From  this  experiment 
with  the  wires,  assisted  by  the  law  already  referred  to,  he  drew 
as  a  conclusion,  that  the  electricity  evalved  during  yf  ^tlis  of  a 
minute,  by  a  zinc  wire  and  a  platinum  wire,  each  one-eighteenth 
of  an  inch  diameter,  immersed  to  the  depth  of  five-eighths  of  an 
inch  in  four  ounces  of  water  containing  one  drop  of  sulphuric 
acid,  is  equal  to  the  electricity  produced  by  a  Leyden  battery 
charged  by  thirty  turns  of  a  powerful  plate-machine  which  gave 
ten  or  twelve  sparks  an  inch  long  each  turn,  from  a  brass  con- 
ductor exposing  1422  square  inches  of  surface.  That  is,  a  wire 
which  presented  one-ninth  of  a  square  inch  in  surface,  afforded 
in  yI yths  of  a  minute,  electricity  equal  to  300  or  3G0  dense 
sparks  taken  from  1422  square  inches  (almost  ten  square  feet) 
of  a  prime  conductor.  Hence,  according  to  the  above-mentioned 
law,  he  inferred  the  equality  of  the  two  "  absolute  quantities  " 
of  electricity  from  the  fact,  that  the  galvanometer  needle  suffered 
equal  deflection  from  both  quantities  (371.). 

The  purpose  of  this  experiment  was  still  further  to  support 
the  inferred  identity  of  voltaic  and  frictional  electricity,  by  redu- 
cing them  under  obedience  to  one  common  law ;  and  next,  to 
establish  the  estimate,  already  alluded  to,  of  the  enormous  quan- 
tity of  electricity  with  which  matter  is  naturally  associated.  It 
is  to  be  inquired  how  far  the  experiment  supports  either  of  these 
positions,  although  the  considerations  already  adduced  appear  to 
offer  sufficient  objections  without  further  arguments. 
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With  this  view  I  made  the  following  experiments.  A  number 
of  strips  of  thin  milled  zinc  were  prepared  :  each  was  half  an  inch 
in  breadth  and  10  inches  long  ;  one  end  of  each  terminated  in  a 
copper  wire  of  about  6  inches  in  length;  towards  the  other 
end,  at  an  inch  from  the  extremity,  the  strip  was  bent  at  a  right 
angle ;  that  inch  of  zinc  was  amalgamated  at  both  sides,  and 
well  covered  with  a  strong  alcoholic  solution  of  sealing-wax,  ex- 
cept a  quarter  of  an  inch  at  the  extreme  end.  By  this  method 
I  intended,  when  these  plates  were  dipped  in  dilute  acid,  to  ex- 
pose that  portion  of  the  metal  only  which  was  uncovered  (viz. 
^  inch  X  I  inch)  to  its  action.  I  had  already  found  that  mere 
immersion  of  the  zinc  strip  to  a  regulated  depth  would  not  con- 
fine the  action  of  the  acid  to  the  inmiersed  surface ;  the  efferves- 
cence produced  always  created  an  elevated  ridge  of  bubbles  round 
the  zinc,  and  so  the  chemical  action  was  extended  above  the  level 
of  the  liquid  more  or  less.  I  also  prepared  a  number  of  zinc 
strips  the  same  in  all  respects  as  the  foregoing,  except  that  they 
were  not  amalgamated. 

A  number  of  copper  strips  of  the  same  size,  shape  and  con- 
struction, wei-e  also  prepared ;  they  were  well  cleaned  with  sand- 
paper^ and  waxed  as  the  rest. 

A  shallow  porcelain  tray  was  fitted  into  a  stand,  and  from  its 
sides  diametrically  opposite  rose  two  standards,  with  a  horizontal 
sliding  cross-bar  which  moved  up  and  down  the  standards ;  there 
were  two  notches  in  the  cross-bar  of  such  size  as  would  confine 
the  metallic  slips  when  immersed  in  the  tray. 

The  terminal  wires  of  a  strip  of  zinc  and  of  a  strip  of  copper 
being  tightened  by  the  binding-screws  of  an  excellent  galvano- 
meter, the  other  ends  of  the  plates  which  had  been  bent  to  a 
right  angle  now  stood  vertically  over  the  porcelain  tray,  and  were 
confined  in  the  notches  of  the  cross-bar;  the  chief  length  of  each 
plate,  therefore,  lay  horizontally  from  the  gahanometer  to  the 
cross-bar.  Two  ounces  measure  of  the  exciting  acid  was  poured 
into  the  porcelain  tray  previously  levelled.  Everything  being 
ready,  the  time  was  noted,  and  the  cross-bar  carrying  with  it 
both  the  plates  was  moved  downwards  until  their  ends  touched 
the  bottom  of  the  tray,  and  the  unwaxcd  terminal  portion  of 
bright  metal  was  immersed  in  the  acid.  The  galvanometer 
needle  started  off";  in  a  minute  or  less,  steadily  pointed  to  a  cer- 
tain degree,  and  after  vaiying  a  little,  suddenly  fell,  when  the 
exposed  portion  of  the  zinc  was  dissolved  away.  The  time  was 
again  noted,  as  also  every  period  when  the  needle  moved  a  de- 
gree or  two. 

I  w^as  thus  precise,  because  the  results  seemed  to  be  important : 
forty  experiments  were  successively  made  with  pairs  of  zinc  and 
copper,  one  pair  for  each  acid  or  strength  of  acid.  It  would  be 
useless  to  give  the  details  of  all ;  the  results  of  four  experiments 
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will  suffice.  In  all  cases  the  mixtures  of  acid  and  water  were 
allowed  to  stand  for  twenty-four  hours  before  using  them,  in 
order  to  guard  against  unequal  temperature. 

It  may  be  premised  that,  independently  of  any  objections  now 
to  be  made,  the  law  as  laid  down  by  Faraday  is  obnoxious  to 
this  objection,  that  if  of  several  separate  quantities  of  electricity 
the  smallest  be  adequate  to  produce  a  deflection  of  90^,  all  the 
greater  quantities  will  be  erroneously  indicated  by  the  same 
degree. 

Experiment  1. — With  two  ounces  by  measure  of  acid,  consist- 
ing of  equal  weights  of  concentrated  sulphuric  acid  and  water ; 
the  zinc  plate  newly  amalgamated. 

The  needle  settled  at      .     .  69° 

In  1  minute  it  fell  to      .     .  68° 

In  8'  rose  to 681° 

In  20'  rose  to       ....  71° 

In  32'  rose  to       ....  72° 

In  48'  fell  to 71° 

In  51'  fell  to 70° 

In  53'  fell  to 68° 

In  55'  fell  to 661° 

In  60'  fell  to 66° 

In  63'  fell  to 65° 

In  65'  fell  to 64° 

In  68'  fell  to 63° 

At  this  moment  the  solution  of  the  zinc  was  completed,  and 
the  needle  immediately  sunk.  Thus  the  exposed  zinc  was  dissolved 
away  in  sixty-eight  minutes. 

Experiment  2. — With  two  ounces  measure  of  acid,  consisting 
of  one  part  of  concentrated  sulphuric  acid  and  five  of  water,  both 
by  weight ;  zinc  newly  amalgamated. 

The  needle  settled  at 
In  one  hour  it  rose  to 
In  2°  45'  rose  to 
In  3°  30'  fell  to 
In  5°  10'  fell  to 
In  5°  19'  fell  to 
In  5°  30'  fell  to 


67"" 
68° 
69° 
68° 
67° 
60° 
50° 
45° 


The  solution  of  the  zinc  was  now  completed;  the  portion 
which  had  been  exposed  to  the  action  of  the  acid  was  dissolved 
away  in  51  hours  nearly. 

It  appears  that  the  same  quantity  of  zinc  was  dissolved  in  the 
first  experiment  in  68  minutes,  and  in  the  second  in  5^  hours; 
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hence,  averaging  both,  the  quantity  of  electricity*  that  passed 
in  every  instant  of  time  in  the  first  case  was  five  times  greater 
than  in  the  second ;  yet  the  deflections  were  scarcely  ditforent, 
far  from  being  in  the  direct  ratio  of  the  quantity  of  electricity 
that  was  i)assing  at  any  moment. 

The  next  two  experiments  were  made  with  unamalgamated 
zinc,  but  were  in  all  other  respects  the  same  as  the  former. 

Exp.  1. — With  two  ounces  measure  of  acid,  consisting  of  equal 
parts  of  concentrated  sulphuric  acid  and  water,  both  by  weight. 

The  needle  settled  at      .     .  67"^ 

In  7  minutes  it  fell  to    .     .  65° 

In  17'  fell  to 62° 

In  24'  fell  to 61° 

In  32'  fell  to 59° 

Thus  the  zinc  was  dissolved  in  33  minutes. 

Exp.  2. — With  two  ounces  measure  of  acid,  consisting  of  one 
part  of  acid  and  five  of  water,  both  by  weight. 

The  needle  settled  at      .     .  66° 

In  6  minutes  it  fell  to     .     .  64° 

In  7'  fell  to 62° 

In  9'  fell  to 60° 

In  10'  fell  to 59° 

In  11'  fell  to 57° 

In  13'  fell  to 55° 

The  zinc  was  dissolved  in  13  minutes;  that  is,  in  the  first 
case  the  quantity  of  electricity  that  passed  in  every  moment  of 
time  was  two  and  a  half  times  greater  than  that  which  passed  in 
the  second. 

I  repeated  these  experiments  to  the  number  of  forty,  with 
different  acids,  and  difterent  strengths  of  the  same  acid.  All  of 
them  pretty  nearly  coincided  in  proving  the  general  proposition, 
that  notwithstanding  the  great  difference  in  the  quantities  of 
electricity,  which,  according  to  the  law  in  question,  must  have 
passed  at  any  instant  of  time  during  the  solution  of  the  zinc, 
the  deflections  were  as  nearly  the  same  as  could  be  expected  in 
cases  of  such  delicacy,  especially  when  the  variations  of  electro- 
motive power  incidental  to  milled  zinc  are  taken  into  account f. 

AVhen  the  experiments  were  made  with  veiy  weak  acids,  the 
galvanometer  needle  fell  soon  and  rapidly,  the  cause  of  which  I 

*  "  The  quantity  of  electricity  is  dependent  upon  the  quantity  of  zinc 
oxidized." — Faraday's  Researches,  par.  919. 

"The  electricity  of  the  voltaic  pile  is  proportionate  in  its  quantity  to  the 
quantity  of  matter  uhich  has  been  chemically  active  during  its  evolution." 
■ — Ibid.  par.  9if). 

t  Binks,  Philosopliual  Magazine,  N.  S.  vol.xi.  p.  75. 
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found  to  be,  that  a  blackish  powder*  was  deposited  on  the  zinc 
which  partially  defended  it  from  further  action.  When  this 
powder  was  removed  and  the  plate  replaced,  the  needle  stood  at 
the  original  degree,  but  soon  fell  again  owing  to  the  same  cause. 

It  is  to  be  observed,  that  in  the  foregoing  experiments  the 
same  results  may  not  be  obtained  if  the  same  strip  of  copper  be 
used  more  than  once,  the  cause  of  which  will  be  found  in  my 
"Essay  on  the  Origin,  Progress,  and  Present  State  of  Galva- 
nism,"' p.  288. 

The  term  made  use  of  in  the  enunciation  of  Faraday's  law  is 
"  absolute  quantity  of  electricity."  The  word  absolute,  perhaps, 
implies  that  the  quantity  is  not  restricted  by  the  condition  of 
intensity.  If  the  idea  of  totality  be  involved,  the  e.vjiression  can 
only  apply  to  the  discharge  of  the  Leyden  battery.  When  voltaic 
electricity  is  in  question,  no  part  of  it  can  be  considered  active 
but  that  which  is  at  any  particular  moment  in  the  coil,  without 
reference  to  the  portion  already  passed  through  or  yet  to  arrive, 
which  latter  may  be  said  not  yet  to  exist  as  the  zinc  is  not  yet 
dissolved.  Hence  the  galvanometer  can  never  be  intluenced  by 
the  whole  quantity  that  is  to  pass ;  it  indicates  things  present, 
not  future. 

If  these  experiments  and  reasonings  be  correct,  and  I  do  not 
perceive  any  source  of  fallacy,  they  appear  unconformable  to 
Faraday's  law  of  equal  quantities  of  electricity  producing  equal 
deflections  irrespectively  of  other  circtimstauces.  Support  is 
consequently  withdrawn  from  his  estimate  of  the  enormous 
quantity  of  electricity  naturally  associated  with  matter,  an  esti- 
mate founded  on  his  experiment  in  which  the  voltaic  action  of  a 
pair  of  wires,  acted  on  by  acid,  is  said  to  have  evolved  electricity 
equal  to  300  or  360  dense  sparks  from  a  powerful  electric 
machine  in  the  short  space  of  -j-^^jths  of  a  minute. 
[To  be  continued.] 

XLIX.   On  the  Longitudinal  Lines  of  the  Solar  Spectrum.     From 

a  Letter  to  Professor  Dove  bij  Professor  RAGoxA-SciXAt. 

[^'ith  a  Plate.] 

HERETOFORE  the  longitudinal  lines  of  the  solar  spectrum 
have  attracted  little  attention.  It  was  believed  by  phy- 
sicists that  they  were  due  to  the  minute  imperfections  of  the 
glass  of  the  prism,  the  little  irregularities  along  the  edge  of  the 

*  "Most  zincs,  when  put  into  dilute  sulphuric  acid,  leave  more  or  less  of 
an  insoluble  matter  upon  the  surface  in  the  form  of  a  crust,  which  contains 
various  metals,  as  copper,  lead,  zinc,  iron,  cadmium,  &c..  in  the  metalUc 
state.  Such  particles,  by  discharging  part  of  the  transferable  power,  render 
it,  as  to  the  whole  battery,  local,  and  so  cUminish  the  effect."  ( Faraday.l  144.) 

t  From  Poggendorff's  Annnlen,  vol.  Ixxxiv.  p.  590. 
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slit  through  which  the  light  is  admitted  into  the  dark  room,  or 
to  other  similar  causes ;  and  that  they  were  in  no  way  related 
to  the  constitution  of  the  light  itself.  ^ 

The  numerous  experiments  which  I  have  made  in  connexion 
with  this  subject,  have  led  me  to  the  conviction  that  the  longi- 
tudinal lines  are  not  due  to  the  irregularities  alluded  to,  but  are 
produced  by  interference.  Whoever  is  accustomed  to  experi- 
ments on  light,  will  find  the  mere  inspection  of  these  lines  suffi- 
cient to  convince  him  that  they  are  due  to  no  mechanical  cause. 
The  clearness  and  beauty  with  which  they  exhibit  themselves, 
and  their  sharp  and  definite  character  throughout  their  entire 
length,  distinguish  them  at  a  glance  from  those  which  might  be 
produced  by  unevenness  of  the  slit's  edge,  pai'ticles  of  dust,  im- 
perfections of  the  apj)aratus,  and  so  forth. 

In  the  first  place,  I  have  observed  that  the  longitudinal  lines 
are  entirely  absent  when  a  large  lens  is  not  applied,  and  when  it 
is  placed  close  to  the  prism  and  at  right  angles  to  the  rays  issuing 
from  the  same.  I  have  further  seen,  that  the  lens  changes  the 
breadth  of  the  spectrum  only,  and  not  its  length. 

Thus  in  one  of  my  experiments,  which  was  conducted  with  an 
equilateral  vertical  prism  and  a  biconvex  lens  of  90  centimetres 
focal  distance,  after  ascertaining  by  trial  the  position  in  which 
the  spectrum  wasmost  clearly  shown,  I  found  its  dimensions  to  be — 

Lcna:th     .     .     .     13"4  centiras. 
Breadth    .     .     .       3-2     ... 

The  lens  was  then  removed,  and  the  position  of  the  screen  and 
prism  remaining  unchanged,  the  dimensions  were  found  to  be — 
Length       .     .     .     13"4  centims. 
Breadth      .     .     .     15-8     ... 

Hence  the  introduction  of  the  lens  caused  the  disappearance 
of  12*6  out  of  15"8  parts  of  the  spectrum;  the  light  must  have 
been  compressed  from  a  space  of  15*8  to  a  space  of  3*2. 

In  the  latter  space,  the  rays  which  had  passed  through  the 
lens  overlaid  each  other,  as  may  be  rendered  evident  by  a  very 
simple  experiment.  It  is  only  nccessaiy  to  move  a  bit  of  card- 
board close  to  the  lens  from  top  to  bottom,  or  the  reverse,  and 
thus  to  receive  a  portion  of  the  rays  passing  through  it.  It  ia 
then  seen,  that  no  matter  how  great  the  portion  may  be  which 
is  thus  intercepted,  the  dimensions  of  the  spectrum  remain  un- 
altered, its  brightness  alone  being  more  and  more  diminished  as 
the  intercepted  portion,  becomes  greater.  This  experiment  esta- 
blishes the  fact  of  superposition,  and  the  production  of  the  lon- 
gitudinal lines  by  interference  is  a  simple  consequence  of  this. 

Let  ST,  Plate  IX.  fig.  7,  be  the  breadth  of  the  spectrum  on 
the  surface  of  tlie  lens,  and  .ry  the  plane  of  projection  at  the 
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point  where  tlie  longitudinal  lines  are  visible.  In  the  space  be 
a  superposition  of  two  bundles,  a^b,  chd,  takes  place.  The  ray 
S/^  v/hich  belongs  to  the  first  bundle,  and  the  other  L?,  of  the 
same  colour,  which  belongs  to  the  second,  interfere  with  each 
other  in  i  under  the  very  small  angle  S^L.  When  the  ray  pro- 
ceeding from  S  is  intercepted  by  the  card-board,  the  ray  zS  is 
absent  at  i,  and  consequently  no  interference  occurs  at  this  point 
of  the  spectrum. 

It  is  really  interesting  to  observe  how  every  line  may  be  caused 
to  vanish  by  moving  the  card  in  a  proper  manner  before  the 
lens.  From  these  experiments  it  follows,  that  the  pheenomenon 
of  the  longitudinal  lines  is  not  peculiar  to  the  spectrum,  but  that 
in  every  case  lines  of  interference  must  exist  in  light  which  has 
passed  through  a  convex  lens. 

I  therefore  removed  the  prism,  and  made  the  slit  in  the 
window-shutter  wider.  AVhite  light  now  passed  through  the 
lens.  By  moving  the  plane  of  projection  backwards  and  for- 
wards, a  position  was  at  length  found  where  the  whole  breadth 
of  the  white  image  was  intersected  by  splendid  black  lines  which 
crossed  it  horizontally. 

It  is  scarcely  necessaiy  to  remark,  that  I  made  many  experi- 
ments to  convince  myself,  that  in  the  production  of  these  lines 
no  foreign  influences  come  into  play,  which,  however,  is  suffi- 
ciently proved  by  the  mere  inspection  of  them. 


L.   On  a  Problem  in  Combinatorial  Analysis. 
By  William  Spottiswoode,  M.A.  of  Balliol  College,  Oxford*. 

THE  following  problem, — 
To  arrange  7  systems,  each  consisting  of  5  ternary  com- 
binations of  the  numbers  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11,  12, 
13,  14,  15,  so  that  all  the  15  numbers  enter  into  each  system, 
and  no  combinations  whatever  recur ; 

Or,  as  it  is  usually  stated, — 

To  arrange  15  young  ladies  in  such  a  manner  that  they  may 
walk  out  3  and  3  every  day  in  the  week,  no  lady  ever  walking 
twice  with  the  same  person, 

is  well  known ;  but  the  following  solution  may,  from  its  con- 
nexion with  known  laws  of  combination,  be  not  without  in- 
terest. I  propose  afterwards  to  notice  some  points  respecting 
the  general  case  to  which  the  present  problem  belongs,  or  more 
strictly  speaking,  respecting  those  instances  of  the  general  case, 
to  which  the  method  hei'e  proposed  is  directly  applicable. 

First,  to  form  the  35  ternary  combinations,  arrange  the  num- 
bers as  follows : — 

*  Communicated  bv  the  Author. 
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15  14  IJ  12         11  10  9 

1.2     1.3     1.1     1.5      1  .  ()     1.7      1  .  S 

13  II  11  12  !)  10 

2.3     2.1.     2.5     2.G     2.7     2.8 

15         10  9  12         11 

3.4     3.5     3.G     3.7     3.8 

9  10  11  12 

4.5     4.6     4.7     4.8    '^     •     •     (1) 

15         14         13 
5.6     5.7     5.^ 

13         14     < 
6.7     6.8 

15 
7.8_ 
15         14  13    ■ 

9.10  9.11  9.12 

13         14      , 
10.11   10.12  C     ■     ■     {^) 


15 
11.12 

15 
13 


15    1 
.14/ 


•     (3) 


Here  it  will  be  observed  that  the  first  triangular  arrangement 
gives  all  the  binary  combinations  of  the  numbers  1,  2,  3,  4,  5, 
6,  7,  8,  and  the  combinations  of  them  with  the  numbers  9,  10, 
11,  12,  13,  14,  15,  so  arranged  that  each  of  this  latter  group  of 
numbers  is  combined  once  with  all  of  the  former  group ;  the 
second  triangular  arrangement  gives  all  the  binary  combinations 
of  the  numbers  9,  10,  11,  12,  and  the  combinations  of  them  with 
the  numbers  13, 14, 15,  so  arranged  that  each  of  this  latter  group 
of  numbers  is  combined  once  with  all  of  the  former  group ;  and 
finally,  the  last  arrangement,  consisting,  however,  of  only  one 
term,  is  similar  with  respect  to  the  numbers  13,  14  and  15.  The 
third  number  in  each  ternary  combination  has  been  written  over 
the  numbers  forming  the  binary  combinations,  in  order  to  exhibit 
the  laws  of  formation  of  the  latter,  and  of  the  position  of  the 
former  as  distinctly  from  one  another  as  possible. 

To  arrange  the  groups  of  5  for  each  day,  select  a  ternary  com- 
bination from  one  of  the  two  lower  triangles,  and  omitting  from 
the  upper  those  combinations  which  the  selected  combination 
excludes,  arrange  the  remainder  (16  in  number)  as  a  determi- 
nantj  omitting  from  the  development  of  it  those  terms  in  which 
any  of  the  upper  numbers  recur ;  thus,  selecting  the  combina- 
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tion  13,  14,  15,  the  first  determinant  will  be 


12 
]  .5 

11 
1  .6 

10 
1  .7 

9 
1  .8 

11 
2.5 

12 
2  .6 

9 
2  .  7 

10 
2.8 

10 
3.5 

9 
3.6 

12 
3.7 

11 
3.8 

9 
4.5 

10 
4.6 

11 
4.  7 

12 

4.8 

and  omitting  the  superior  numbers,  the  admissible  terms  will  be 

(1.5)  (2.7)  (3.8)  (4.6),     (1.5)  (2.8)  (3.6)  (4.7), 

(1.6)  (2.7)  (3.5)  (4.8),     (1.6)  (2.8)  (3.7)  (4.5), 

(1.7)  (2.6)  (3.8)  (4.5),     (1.7)  (2.5)  (3.6)  (4.8), 

(1.8)  (2.5)  (3.7)  (4.6),     (1.8)  (2.6)  (3.5)  (4.7),; 

repeating  the  process  for  the  remaining  6  combinations  in  the 
triangle  (2),  i.  e.  for  the  remaining  6  days,  there  will  result  8 
terms  for  each  day,  from  each  of  which  groups  one  must  be  selected 
in  such  a  manner  that  no  combinations  recur.     The  result  is 
15.1.2     14.1.3     13.1.4     12.1.5     11.1.6     10.1.7       9.1.8 
14.6.8     13.6.7     15.5.6     15  . 7  -  S     12.3.7     14.2.4      15.3.4 
11.4.7     12.4.8     11.3.8     13.2.3     10.2.8     13.5.8      14.5.7 
10.3.5     11.2.5       9.2.7     10.4.6      9.4.5       9.3.0      12.2.6 
9.12.13     15.10.9     14.12.10     14.11.9     15.14.13     15.12.11     13.11.10 
which,  on  writing 

l  =  a,  2  =  b,  3  =  c,  4=/,  ^  =  d,  6=^,  7  =  e,  8  =  h, 
15  =  2,  14=7,  13  =  k,  12  =  1,  11  =  ?«,  10  =  n,  9  =  o, 

will  agree  with  the  solution  given  by  ^Ir.  Cayley  in  this  Maga- 
zine, vol.  xxxvii.  p.  50. 

This  may  be  exhibited  under  a  rather  more  general  point  of 
view,  whereby  all  the  tentative  process  is  avoided,  as  follows. 
The  7  determinants  of  the  fourth  degree  above  mentioned  are 
connected  with  the  determinant 
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1 . 

1. 

,2 

1  , 

,3 

1  , 

.4 

1  , 

,  5 

1  , 

.6 

1, 

,7 
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2. 
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,2 

2 

.3 

2, 

,4 

2. 

,  5 

2 

,6 

2 

/ 

2 

3, 

3, 

.  2 

3 

.3 

3 

.4 

3, 

,  5 

3 

.6 

3, 

■  1 

3 

4. 

4, 

.2 

4, 

,3 

4, 

.4 

4, 

,  5 

4, 

.6 

4. 

■  7 

4 

5  , 

5 

.2 

5 

.3 

5 

.4 

5  , 

,  0 

5  , 

.6 

5  , 

.  7 

5 

6 

6 

.2 

6 

.3 

6 

.4 

6, 

.  5 

6, 

.6 

6. 

7 

6 

7, 

7  , 

.2 

7  . 

.3 

7 

.4 

7  , 

.  5 

7 

.6 

7  . 

,  7 

7 
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(or,  adopting  Mr.  Sylvester's  nolation, 

rl     2     3     4     5     6     7     8-^ 

\l     2     3     4     5     6     7     8/ 
with  the  conditions 

^  -J  =j  •  h 
i  andy  receiving  successively  all  values  from  1  to  8  inclusively), 
being  those  fourth  minors  which  do  not  involve  the  principal 
constituents;  and  the  solution  of  the  problem  will  be  given  by 
selecting  those  terms  in  the  development  of  the  determinant 
which  are  perfect  squares,  and  do  not  involve  anv  of  the  prin- 
cipal constituents  or  repetitions  of  the  superior  numbers  (sup- 
posed to  be  inserted  as  in  the  triangle  (I)). 

With  respect  to  the  general  problem  of  ternary  combinations 
of  a  given  number  of  persons,  it  is  clear  that  the  number  must 
be  divisible  by  3,  and  also  uneven,  because  each  person  {e.  g. 
No.  1)  is  to  be  combined  with  all  the  binary  combinations  of  the 
rest  in  which  no  number  recurs ;  a  condition  which  would  be 
obviously  impossible  if  the  number  of  terms  with  which  No.  1  is 
to  be  combined  (/.  e.  the  given  number  less  one)  be  odd,  /.  e.  if 
the  given  number  be  even.  From  these  considerations  it  is  fur- 
ther observable,  the  number  of  binary  combinations  with  which 

each  number  is  to  be  combined  will  be  -  («  — 1),  n  being  the 

given  number.  The  first  step,  then,  in  the  solution  of  the  pro- 
blem, according  to  the  present  method,  will  be  to  form  a  trian- 
gidar  arrangement  of  all  the  binary  combinations  of  the  first  num- 
bers 1,  2  .  .-  (n-f  1)  (in the  above  problems  =  15,  ^  (n  — 1)  =  7, 
■=  (n+l)=8).  The  next  step  will  be  to  form  a  triangular  ar- 
rangement  of  all  the  binary  combinations  of  the  numbers 

and  so  on,  until  the  numbers  be  exhausted.  But  here  it  must 
be  again  observed,  that  since  the  first  triangular  arrangement 
has  exhausted  all  the  binary  combinations  of  the  numbers  1,2,.. 

^(n  +  l)  inter  se,  and  all  the  combinations  of  the  remaining 

11 
numbers  -  («  +  l)  +  1,  ^  (n+  1)  +2, .  .  n,  with  them,  there  now 

remains  only  the  combinations  of  this  last  group  inter  se ;  and 
reasoning  similar  to  that  by  which  it  was  proved  that  the  number 

n  itself  must  be  odd,  would  prove  that  ^  (n— 1)  must  be  odd; 

in  1 

and  similarly,  it  would  be  seen  that  the  number  ^-s  ^  (n  —  1 )  —  1  >- 


Mr.  W.  Spottiswoode  on  a  Problem  in  Combinatorial  Analysis.  353 

must  be  also  odd,  and  so  on.  In  other  words,  in  order  that  the 
present  method  may  be  applicable,  the  operation  of  subtracting 
unity  from  the  given  number  and  dividing  by  two  carried  on 
successively,  must  never  lead  to  an  even  number.  From  this  it 
will  be  seen  that  n  must  belong  to  the  series 

1 

2.1  +  1 

2(2.1  +  1)  +  1 

2(2(2. 1  +  1)  +  1)  +  1. 

And,  since  the  number  n  must  also  be  divisible  by  3,  it  can 
belong  only  to  the  even  places  [i.  e.  2nd,  4th,  . . )  in  this  series. 
The  numbers  will  be  found  to  be 

3,  15,  63,  255,  1023,  4095, . . ; 

the  2^th  term  being 

^2p-l^^2p-2^  ..  +2  +  1  =  2=^^-1, 

which,  as  is  well  known,  is  always  divisible  by  2+1  =  3,  thus 
satisfying  that  condition  of  the  problem. 

In  order  to  show  that  the  number  of  ternary  combinations 
formed  in  the  manner  above  indicated  is  exactly  sufficient  for  a 
solution  of  the  problem,  it  may  be  remarked  that  the  number  of 

combinations  in  each  triangular  arrangement  is  — ^^j — ^r— ,  if  m 

°  ^  1.2' 

be  the  number  of  terms  in  the  top  row ;  and  consequently,  the 

numbers  of  ternary  combinations  will  be 

(2'^-^-l)2'^-'  =  2*^-'-2'^-'  in  the  1st  triangle, 

(22^-2 _  1)2-^-' =  2'^-' -2'^-'  in  the  2nd  triangle, 

(22-1)2  =23-2  in  the  (2p-l)th  triangle, 

(2-1)1  =2—  1  in  the  (2jo— 2)th  triangle, 

the  sum  of  which  is 

2-^''^"3~^-2'^^-'  +  l=|(2^^-'-2^^-2^^-'  +  l) 

=  3(2'^-l)(2'^-'-l), 

i.  e.  the  number  of  combinations  is  equal  to  the  product  of  ^  of 

o 

the  given  number  of  ladies  by  the  number  of  days  on  which  the 

walks  are  to  be  taken,  as  it  should  be. 

The  solution  of  the  general   case  here  contemplated  would 
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depend  upon  the  determinants 
1,  2,  ..2'^- 


ri,  2,..2^^-n 

L2'^-'4-l,  2-^-'  +  2,..2-''-'+2- 

r2'^-2,  2'''-n 
L2'''-2,  2'^-iJ   ' 


/2'^-'  +  l,  2'^-'  +  2,  ..2'^-'  +  2'^-'1 


and  taking  the  sum  of  the  half  of  the  orders  of  the  alternate  de- 
terminants of  this  series,  as  in  the  case  of  15  persons,  the  sum  is 

2^^-l 
3 

for  the  number  of  combinations  for  each  day,  as  found  above. 

In  conclusion,  the  following  are  the  general  results  of  the 
above  considerations : — 

Number  of  persons  3,  15,  63,  225,  1023,  4095,  .  .  2'^-l, 

Number  of  days    .  1,     7,  31,  127,     511,  2047,  ..  2'^"- 1, 

No.  of  combma.-l  341,  1365,  ..  ^!!i:l. 

tionsforeachdayj     '       >       >         >  >  2  +  1 


LI.   On  Rubian  and  its  Products  of  Decomposition. 
By  Edward  Schunck,  F.R.S. 

[Concluded  from  p.  226.] 

/tCTION  of  Sulphuric  and  Muriatic  Acid  on  Rubian. — The  ac- 
tion of  these  two  acids  is  precisely  the  same ;  but  for  the 
purpose  of  studying  it,  it  is  better  to  employ  sulphuric  acid,  as 
it  is  more  easily  removed  again  afterwards.  On  adding  sul- 
phuric acid  in  considerable  quantity  to  a  watery  solution  of 
rubian  and  boiling  the  liquid,  no  perceptible  change  takes  place 
at  first,  except  that  the  solution  loses  a  little  of  its  transparency 
and  becomes  slightly  opalescent.  If  the  solution  was  not  very 
dilute,  there  begin  to  appear  very  soon  a  number  of  orange- 
coloured  Hocks.  After  boiling  for  some  time  and  allowing  to  cool, 
these  flocks  are  deposited  in  large  quantities,  and  the  liquid  is  now 
found  to  be  much  lighter  in  colour  than  before.  After  allowing 
to  cool  and  filtering,  the  liquid,  on  being  mixed  with  fresh  acid 
and  boiled  again,  often  deposits  on  cooling  a  fresh  quantity  of 
these  flocks.  When  after  repeated  boilings  no  more  flocks 
separate  on  cooling,  the  process  is  completed.    The  last  portions 
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of  rubian  are  usually  more  difficult  to  decompose  than  the  first, 
and  an  additional  quantity  of  acid  is  therefore  necessary  to  effect 
their  decomposition.  The  liquid  retains  to  the  last  a  light 
yellow  colour.  I  shall  return  to  it  presently.  The  orange- 
coloured  flocks  are  washed  on  the  filter  with  cold  water  until 
all  the  acid  is  removed.  They  now  consist  of  four  different 
substances,  three  of  which  are  bodies  previously  known,  the 
fourth  one  which  has  not  hitherto  been  observed.  The  three 
former  are,  —  1st,  Alizarine;  2ndly,  the  substance  which  in  my 
former  papers  I  have  called  alpha-resin,  but  to  which  I  prefer 
giving  the  name  of  Rubiretine ;  3rdly,  the  substance  which  I 
formerly  termed  beta-resin,  but  I  shall  now  call  Verantine  from 
Verantia,  the  name  applied  to  madder  in  the  middle  ages.  The 
fom'th  substance  I  shall  denominate  Rubianine. 

The  presence  of  alizarine  in  this  mixture  is  indicated  by  the 
dark  and  beautiful  colours  which  are  produced  when  it  is  em- 
ployed for  dyeing  a  piece  of  mordanted  cloth,  and  which  con- 
trast forcibly  with  the  faint  and  dull  tints  produced  by  rubian. 
It  may  also  easily  be  separated  from  the  other  substances  by 
dissolving  the  mixture  in  alcohol,  adding  hydrate  of  alumina  to 
the  solution,  filtering,  treating  the  alumina  compound  repeatedly 
with  a  solution  of  carbonate  of  potash  or  soda,  until  nothing 
more  is  dissolved  by  the  latter,  decomposing  the  alumina  com- 
pound with  acid,  and  dissohdng  the  residue  in  alcohol,  when  on 
evaporating  the  latter  crystals  of  ahzarine  with  its  usual  charac- 
ters are  obtained.  In  order  however  to  obviate  all  objections 
which  might  arise  from  the  use  of  alkalies  in  regard  to  the  effect 
which  the  latter  might  be  supposed  to  have  in  causing  the  for- 
mation of  the  alizarine,  I  determined  if  possible  to  use  acids  and 
salts  only  in  the  separation  of  the  substances  mentioned  above. 
Of  the  four  substances  contained  in  the  orange-coloured  flocks^ 
two,  viz.  alizarine  and  rubianine,  are  soluble  in  boiling  water, 
and  may  thereby  be  separated  from  the  two  others  which  are 
insoluble  in  water.  This  method  of  separation  is  however  te- 
dious, on  account  of  the  sparing  solubility  of  alizarine  and 
rubianine  in  boiling  water.  I  therefore  prefer  using  the  fol- 
lowing method.  The  orange-coloured  flocks  containing  the 
four  substances  are  treated  with  boiling  alcohol,  in  which  they 
dissolve  wdth  a  dark  reddish-yellow  colour.  The  alcohol  is 
filtered  boiling  hot,  and  deposits  on  cooling  a  small  quantity  of 
yellow  crystalline  particles,  consisting  chiefly  of  rubianine.  The 
treatment  with  alcohol  is  repeated  as  long  as  the  latter  acquires 
a  dark  yellow  colour.  The  greatest  part  of  the  rubianine  remains 
behind  as  a  yellow  or  brownish-yellow  crystalline  mass,  which 
is  treated  repeatedly  with  boiling  alcohol,  in  which  the  whole  at 
last  dissolves,  the  greatest  part  again  separating  on  the  solution 

2  A2 
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cooling,  cither  in  yellow  needles  or  as  a  brownish-yellow  crystal- 
line mass.  If  its  colour  is  not  a  pure  yellow,  or  if  it  is  imj)erfcctly 
crystallized,  it  contains  verantine  and  must  be  purified.  For 
this  ])ur])Ose  the  whole  of  the  mass  which  has  been  deposited  on 
the  alcohol  cooling,  after  being  collected  on  a  filter,  is  again 
dissolved  in  boiling  alcohol,  and  sugar  of  lead  is  added  to  the 
solution,  by  which  means  the  verantine  is  precipitated  in  com- 
bination with  oxide  of  lead,  while  the  rubianine  remains  in 
solution  and  is  again  deposited,  when  the  solution,  after  being 
filtered  boiling  hot,  is  allowed  to  cool,  in  long,  lemon-yellow 
silky  needles,  which  may  be  rendered  perfectly  pure  by  re- 
crystallization.  The  compound  of  verantine  and  oxide  of  lead 
may  be  decomposed  with  sulphuric  acid,  and  the  verantine 
separated  from  the  sulphate  of  lead  by  boiling  alcohol.  The 
alcoholic  liquid  from  which  the  rubianine  has  been  deposited 
contains  the  three  other  substances  besides  a  portion  of  the 
rubianine.  By  adding  acetate  of  alumina  to  it,  the  whole  of 
the  alizarine  as  well  as  a  part  of  the  verantine  are  precipitated, 
in  combination  with  alumina,  in  the  shape  of  a  dark  red  powder, 
while  the  liquid  retains  a  dark  brownish-red  colour.  This 
precipitate,  after  being  collected  on  a  filter  and  washed  with 
alcohol  until  the  latter  runs  through  colourless,  is  decomposed 
with  muriatic  acid,  which  dissolves  the  alumina,  leaving  behind 
red  flocks  consisting  of  alizarine  and  verantine.  These  flocks, 
after  being  filtered  off  and  washed  with  water,  are  again  dis- 
solved in  alcohol,  to  which  is  then  added  a  solution  of  neutral 
acetate  of  copper.  This  instantly  changes  the  colour  of  the  liquid 
to  a  beautiful  dark  purple.  The  copper  compound  of  alizarine 
remains  dissolved,  while  the  verantine  is  entirely  precipitated,  in 
combination  with  oxide  of  copper,  as  a  dark  reddish-brown 
powder.  The  dark  purple  liquid,  after  filtration  and  evaporation, 
leaves  a  purple  mass  of  alizarine-oxide-of-copper,  which  is  de- 
composed with  muriatic  acid.  Yellow  flocks,  consisting  of 
alizarine,  remain  behind,  which  after  being  washed  with  water 
are  dissolved  in  alcohol.  The  alcoholic  solution  on  evaporation 
gives  crystals  of  alizarine,  which  may  be  purified  by  recrystal- 
lization.  The  compound  of  verantine  with  oxide  of  copper  is 
decomposed  with  muriatic  acid.  The  liquid  filtered  from  the 
alumina  compound  of  alizarine  and  verantine  is  evaporated  to 
dryness,  muriatic  acid  is  added  to  the  residue,  which  is  placed 
on  a  filter  and  washed  with  cold  water  until  all  the  acid  and  salts 
of  alumina  are  removed.  On  being  now  treated  with  boiling  water, 
a  quantity  of  dark  brown  resinous  drops  sink  to  the  bottom  of 
the  vessel  and  cohere  into  a  semi-fused  mass,  while  brownish- 
yellow  flocks  float  in  the  water.  The  water  is  decanted  from 
the  mass  at  the  bottom,  carrying  with  it  the  flocks.     This  pro- 
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cess  is  repeated  with  fresh  quantities  of  water  until  no  more 
flocks  are  carried  away  by  it.  The  resinous  mass  at  the  bot- 
tom now  consists  principally  of  rubiretine.  It  may  be  pui'ified 
by  dissolving  in  cold  alcohol,  which  leaves  behind  a  quantity 
of  verantine.  The  brownish-yellow  flocks  consist  chiefly  of 
verantine  and  rubianine ;  they  are  treated  with  boiling  water,  in 
which  the  rubianine  dissolves,  and  from  which  it  is  again  de- 
posited, on  filtering  the  water  boiling  hot  and  allowing  to  cool, 
in  orange- coloured  flocks.  The  process  is  repeated  until  the 
water  dissolves  nothing  more.  The  orange-coloured  flocks  of 
rubianine  are  collected  on  a  filter  and  dissolved  in  boiling  alcohol, 
out  of  which  the  rubianine  crystallizes  on  cooling  in  yellow 
needles.  The  mother-liquor  is  somewhat  darker  than  a  mere 
solution  of  rubianine  would  be.  It  contains  a  little  alizarine 
and  rubiretine,  which  may  be  separated  by  means  of  acetate  of 
alumina,  as  before  described.  The  verantine  which  is  left  behind 
by  the  boiling  water  is  mixed  with  the  other  poi'tions  obtained 
from  the  lead  and  copper  compounds,  and  the  whole  is  dissolved 
in  a  small  quantity  of  boiling  alcohol,  out  of  which  the  verantine 
is  deposited  on  coolmg  as  a  dark  reddish-brown  or  yellowish- 
brown  powder,  which  may  be  purified  by  a  second  solution  in 
alcohol. 

These  substances  can,  as  may  be  supposed,  be  obtained 
without  any  difierence  in  properties  by  adding  sulphuric  or 
mui'iatic  acid  to  an  extract  of  madder  made  with  boiling  water, 
boiling  the  liquid,  and  treating  the  dark  green  precipitate 
obtained  in  the  same  way  as  the  orange-coloured  flocks,  from 
the  decomposition  of  rubian.  The  dark  green  colour  of  the 
precipitate  in  this  case  proceeds  from  the  decomposition  of 
chlorogenine  by  the  acid ;  the  product  of  decomposition  does 
not  however  in  any  way  interfere,  as  it  is  insoluble  in  alcohol. 
It  may  be  remarked,  however,  that  very  little  rubianine  is 
obtained  in  this  manner,  its  place  being  supplied,  from  a  cause 
which  I  shall  mention  hereafter,  by  rubiacine. 

There  still  remains  in  the  acid  liquid  filtered  from  the  orange- 
coloured  flocks,  a  substance  which  is  an  essential  product  of  the 
action  of  acids  on  rubian.  This  liquid  has,  as  I  mentioned 
before,  a  light  yellow  colour.  After  neutralizing  the  acid  with 
carbonate  of  lead  it  becomes  almost  colourless,  while  the  car- 
bonate of  lead  acquire*  a  pink  tinge.  After  filtration  it  is  found 
to  contain  neither  sulphuric  acid  nor  lead ;  nor  does  it  give  any 
precipitate  with  neutral  oi  basic  acetate  of  lead,  nor  with 
alkalies,  either  before  or  after  neutralization,  unless  it  be  boiled 
with  an  excess  of  the  latter.  This  absence  of  reaction  proves 
that  no  substance  of  a  basic  nature  has  been  formed  during  the 
process.     The  liquid  however  contains  a  considerable  quantity 
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of  ail  organic  substance,  which  is  obtained  by  carefully  evapo- 
rating at  the  ordinary  temperature  over  sulphuric  acid.  It  is 
not  advisable  to  evaporate  with  the  assistance  of  heat,  as  the 
solution  then  becomes  dark  brown  from  the  action  of  the  air. 
After  evaporation  over  sulphuric  acid  there  is  left  at  last  a 
browiiish-yellow,  transparent  syrup,  having  a  sweetish  taste, 
which  I  shall  prove  by  its  properties  and  composition  to  be  a 
species  of  sugar. 

I  shall  now  describe  more  in  detail  the  properties  of  the 
substances  just  mentioned. 

Alizarine. — The  alizarine  obtained  from  the  decomposition  of 
rubian  exhibits  all  the  usual  properties  of  this  well-known  sub- 
stance. Its  colour  is  dark  yellow  without  any  tinge  of  brown 
or  red.  The  crystals  possess  a  lustre  which  I  have  never  seen 
equalled  in  this  substance.  Its  analysis  gave  the  following  re- 
sults : — 

0"3200  grm.  of  the  crystals,  on  being  heated  in  the  water- 
bath,  lost  0*0580  grm.  of  water  =  18"12  per  cent.  According  to 
the  formula  C^'*  H^0''  +  3H0,  they  should  lose  18-24  per  cent. 

0*2575  grm.  of  the  dry  substance,  burnt  with  chromate  of 
lead,  gave  0'6550  carbonic  acid  and  0'0945  water. 

These  numbers  lead  to  the  following  composition : — 


Eqs. 

Calculated. 

Found. 

Carbon      .     . 

.     14 

84 

69-42 

69-37 

Hydrogen 

.       5 

5 

4-13 

4-07 

Oxygen     .     . 

.       4 

32 

26-45 

26-56 

121  100-00  100-00 

0-1050  grm.  of  the  lead  compound,  prepared  by  precipitating 
the  alcoholic  solution  with  sugar  of  lead,  gave  00720  sulphate 
of  lead,  equivalent  to  0-0529  oxide  of  lead  =  50-44  per  cent. 
The  formula  C^-*  H"^  O^  +  PbO  requires  49-90  per  cent,  oxide 
of  lead. 

The  formula  here  given  is  the  same  to  which  I  was  led  by  my 
former  experiments,  and  it  now  receives  a  new  confirmation 
from  the  relation  in  which  it  stands  to  that  of  rubian. 

The  formation  of  alizarine  from  rubian  admits  of  a  very  easy 
explanation.  By  simply  losing  14  equivs.  of  water,  1  equiv.  of 
rubian  is  converted  into  4  equivs.  of  alizarine,  as  the  following 
equation  shows : — 

C56  H34  030  =:  4(C14  H^  Q^)  +  14H0. 

The  action  of  sulphuric  acid  in  the  preparation  of  garancine 
from  madder  now  becomes  more  intelligible.  It  consists  simply, 
as  far  as  the  practical  effect  is  concerned,  in  the  conversion  of 
rubian  into  alizarine. 

MM.  Wolff  and  Strccker,  in  a   late   paper    '  On    the    Red 
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Colom-ing  Matters  of  Madder*/  have  given  another  fomiiJa  for 
alizarine,  which  they  prefer  on  account  of  the  relation  in  which 
they  suppose  this  substance  to  stand  to  naphthaline.  This 
formula  is  C^°  H^  0^,  which  requires  in  100  pai-ts — 

Carbon 68'96 

Hydrogen 3  "45 

Oxygen 27-59 

In  confirmation  of  this  formula  they  adduce  one  analysis,  in 
which  they  obtained  from  0"0650  gi-m.  alizarine  0'163  carbonic 
acid,  equivalent  to  68-4  per  cent.  If  it  be  permitted  to  deduce 
any  safe  inference  from  the  analysis  of  so  small  a  quantity  of 
substance,  I  should  be  inclined  to  say  that  the  substance  ana- 
lysed was  impure.  Even  when  perfectly  well  cn*'stallized,  aliza- 
rine may  contain  an  amount  of  impurity"  sufficient  to  affect  its 
composition.  This  impm'ity  generally  consists  of  verantine.  A 
large  admixture  of  the  latter  substance  entirely  prevents  alizarine 
from  crystallizing,  but  a  small  qiiantity  merely  gives  the  ciystals 
a  brownish  or  reddish  tinge.  Alizarine  can  never  be  considered 
as  perfectly  pm-e  unless  it  exhibits  a  pm-e  dark  yellow  colour 
^^'ithout  admixtm*e  of  red.  In  proof  of  this  statement  I  may 
adduce  the  following  experiments.  In  the  com'se  of  my  investi- 
gation I  obtained  from  madder  a  specimen  of  alizarine  in  per- 
fectly well-defined  crystals,  containing  apparently  no  foreign 
substance,  but  having  a  broumish-red  colour  instead  of  the  dark 
yellow  characteristic  of  piu'e  alizarine. 

0-3530  grm.  of  these  crystals,  di-ied  at  100°  C,  gave  0-8855 
carbonic  acid,  equivalent  to  68-41  per  cent,  of  carbon. 

The  remainder  of  the  substance  was  recrystallized  from  alco- 
hol, and 

0-2940  grm.  now  gave  0-7360  carbonic  acid,  equivalent  to 
68*27  per  cent,  of  carbon. 

On  dissoh-ing  the  rest  in  alcohol  and  adding  to  the  solution 
acetate  of  copper,  a  dark  reddish-brown  precipitate  of  verantine- 
oxide-of-copper  fell.  From  the  dark  purple  solution,  after  being 
treated  in  the  manner  before  described,  there  were  obtained  some 
beautiful  dark  yellow  crystals  of  alizarine,  which  on  analysis 
yielded  the  following  result : — 

0-1270  grm.,  dried  at  100^  C,  gave  0*3245  carbonic  acid, 
equivalent  to  69-68  per  cent,  of  carbon. 

It  appears  therefore  that  alizarine  cannot  be  separated  from 
the  last  portions  of  impm'ity  by  recrystaUization  merely. 

Were  the  above  formula  the  correct  one,  it  would  be  difficult 
to  account  for  the  circumstance  that  the  ptu'er  the  substance  the 
greater  is  the  excess,  not  only  of  hydi-ogen,  but  also  of  carbon. 

*  Ann.  de  Chem.  u.  Pharm.,  vol.  Ixxv.  p.  1. 
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An  excess  of  0*6  per  cent,  of  hydrogen,  as  this  formula  would 
pre-suppose,  is  unusually  large;  an  excess  of  0*4  per  cent,  of 
carbon  is  seldom  or  never  obtained  in  the  analysis  of  a  pure  sub- 
stance. The  most  common  impurity  of  alizarine  is  verantine ; 
and  since  the  latter  contains,  as  I  shall  presently  show,  more 
oxygen  for  the  same  amount  of  carbon  and  hydrogen,  it  follows 
that  if  a  portion  of  it  be  mixed  with  the  alizarine,  the  amount  of 
carbon  and  hydrogen  in  the  latter  ^vill  be  reduced,  and  the  com- 
position will  approximate  to  that  given  by  Wolff  and  Strecker. 

Again,  if  the  correct  formula  for  alizarine  be  C^°  H^  0^,  the 
formula  of  rubian  must  necessarily  be  C^*^  tP^  0^',  which  re- 
quires in  100  parts — 

Carbon 54-79 

Hydrogen 502 

Oxygen 40- 19 

These  numbers,  as  will  be  perceived,  do  not  agree  so  well  with 
those  of  the  analyses  as  those  corresponding  to  the  formula 
which  I  have  given  above.  The  lead  compound  of  rubian  can, 
under  this  supposition,  only  be  represented  by  the  formula 
6(C2o  H'^  0»')  4-  13PbO,  which  requires  in  100  parts- 
Carbon    26-03 

Hydrogen 2-38 

Oxygen 19-10 

Oxide  of  lead  ....  5249 
Here  also  it  will  be  seen  there  is  less  accordance  with  the 
numbers  found  by  experiment  than  in  the  case  of  the  other 
formula.  But  besides  this,  the  latter  formula  is  of  too  compli- 
cated a  nature  to  be  received ;  I  therefore  consider  the  formula 
QH  JJ5  O"!^  or  perhaps  C^  H^°  0^,  for  alizarine  to  be  as  firmly 
established  as  it  can  be  with  the  means  at  present  at  our  com- 
mand. 

Verantine. —  This  substance  coincides  in  most  of  its  properties 
with  the  substance  to  which  I  formerly  gave  the  name  of  the 
beta-resin  of  madder.  "When  prepared  according  to  the  method 
above  described,  it  is  obtained  in  the  shape  of  a  reddish-brown 
powder,  similar  in  colour  to  snufi"  or  roasted  coffee.  It  has  the 
following  properties.  When  heated  on  platinum-foil  it  melts  and 
then  burns  away  without  leaving  any  residue.  When  heated  in 
a  glass  tube  it  gives  a  small  quantity  of  an  oily  sublimate  with- 
out a  trace  of  anything  crystalline.  When  however  it  contains 
alizarine,  as  it  very  often  does,  it  gives  on  being  heated  a  cry- 
stalline sublimate^  consisting  of  the  latter  substance.  It  dissolves 
in  concentrated  sulphuric  acid  with  a  brown  colour,  and  is  re- 
precipitated  by  water  in  brown  flocks.  On  heating  the  solution 
in  concentrated  sulphuric  acid  it  becomes  black,  sulphurous  acid 
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is  disengaged,  and  the  substance  is  decomposed.  Concentrated 
nitric  acid  dissolves  it  on  boiling  with  a  disengagement  of  nitrous 
acid,  forming  a  yellow  liquid,  from  which  nothing  separates  on 
cooling.  Dilute  nitric  acid  does  not  affect  it  sensibly  on  boiling. 
It  is  almost  insoluble  in  boiling  water,  but  readily  soluble  in 
boihng  alcohol  with  a  dark  brownish-yellow  colour,  and  is  again 
deposited,  on  the  alcohol  cooling,  as  a  brown  powder,  which  is 
its  most  characteristic  property.  It  is  soluble  in  alkaline  liquids 
with  a  dirty  brownish-red  colour,  and  is  reprecipitated  by  acids 
in  brown  flocks.  If  it  be  mixed  with  alizarine,  then  its  solutions 
in  alkalies  have  a  reddish-purple  colour.  The  ammoniacal  solu- 
tion loses  its  ammonia  on  evaporation,  and  leaves  the  substance 
behind  as  a  brown  transparent  pellicle.  The  ammoniacal  solu- 
tion gives  precipitates  with  the  chlorides  of  barium  and  calcium. 
The  alcoholic  solution  gives  dark  brown  precipitates  with  the 
acetates  of  lead  and  copper,  as  I  mentioned  before.  When  it  is 
free  from  alizarine,  it  does  not  communicate  any  colour  to  mor- 
danted cloth,  and  is  therefore  no  colouring  matter  in  the  usual 
sense. 

In  the  opinion  of  most  chemists  who  have  examined  madder, 
this  root  contains  two  distinct  colouring  matters,  viz.  alizarine 
and  another,  to  which  the  names  of  purpurine,  oxylizaric  acid 
and  madder-purple  have  been  apphed  by  different  chemists.  This 
opinion  has  been  advocated  with  considerable  ability  by  MM, 
Wolff  and  Strecker.  I  have  however  reason  to  suppose  that 
purpurine  is  in  fact  no  distinct  substance,  but  a  mixtui-e  of  ali- 
zarine and  verantine.  The  latter  substance  accompanies  almost 
all  the  products  which  are  obtained  from  madder,  and  it  is  this 
body  which  renders  them  so  difficult  to  puiify.  It  adheres  so 
pertinaciously  to  alizarine,  as  to  induce  the  belief  that  the  two 
actually  form  a  chemical  compound.  The  mixtures  of  the  two 
vary  in  appearance  from  that  of  dark  red  ciystals  to  that  of  a 
red  crystalline  powder.  In  these  mixtures  the  verantine  may 
easily  be  detected  by  dissolving  in  alcohol  and  adding  acetate  of 
copper,  which  precipitates  the  verantine,  as  before  described.  It 
also  accompanies  rubianine  and  renders  it  difficult  to  crystallize, 
as  I  mentioned  above,  and  I  have  never  been  able  to  obtain  rubi- 
retine  without  some  trace  of  it.  As  a  characteristic  of  purpurine 
is  mentioned  its  property  of  giving  a  cherry-red  solution  with 
alkalies,  having  none  of  the  violet  appearance  belonging  to  alka- 
line solutions  of  alizarine;  and  also  its  forming,  when  treated 
with  boiling  alum-liquor,  a  red  opalescent  solution,  from  which 
it  separates  again  in  orange-coloured  flocks  on  the  solution  cool- 
ing. Now  by  adding  to  a  solution  of  alizarine  in  caustic  alkali 
a  little  verantine,  the  beautiful  violet  colour  of  the  solution  may 
be  instantly  changed  to  reddish-purple ;  and  by  dissolving  in  it 
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still  more  of  that  substance  the  colour  may  be  rendered  cherry- 
red,  these  colours  being  evidently  mixtures  of  the  violet  due  to 
alizarine  and  the  brownish-red  produced  by  verantine.  Pure 
alizarine  is  not  more  soluble  in  boiling  alum-liquor  than  in  water, 
as  has  been  repeatedly  shown ;  it  only  communicates  to  the 
liquor  a  yellow  colour,  and  crystallizes  out  again  on  the  liquid 
cooling.  Verantine  is  still  less  soluble  in  alum-liquor.  If  this 
substance  be  dissolved  in  caustic  alkali  and  be  then  precipitated 
with  a  solution  of  alum,  the  precipitate  does  not  dissolve  in  the 
least  degree,  however  much  alum  be  added ;  it  only  communi- 
cates a  slight  yellow  tinge  to  the  liquid.  If,  however,  a  mixture 
of  alizarine  and  verantine  be  dissolved  in  caustic  alkali  and  they 
be  then  precipitated  together  by  means  of  a  solution  of  alum 
added  in  excess,  then  on  boiling  the  precipitate  with  the  liquid, 
a  bright  red  solution  is  obtained,  and  on  filtering  and  allowing 
to  cool,  orange-coloured  flocks  are  deposited,  while  the  liquid 
still  remains  red,  but  gives  a  yellow  precipitate  on  the  addition 
of  acid.  By  treating  the  residue  with  additional  quantities  of 
alum-liquor  more  is  dissolved  with  the  same  colour,  and  this 
continues  until  either  the  alizarine  or  the  verantine,  whichever 
of  the  two  was  present  in  the  smallest  quantity,  is  removed. 
From  this  experiment  I  am  inclined  to  conclude  that  alizarine 
and  verantine  are  capable  of  forming  a  double  compound  with 
alumina  soluble  in  boiling  water,  and  that  a  mixture  of  the  two 
in  the  proportion  in  which  they  exist  in  this  compound,  consti- 
tutes what  has  been  called  purpurine.  At  all  events,  it  follows 
that  alum  is  not  adapted  as  a  means  of  separating  the  substances 
derived  from  madder.  The  fact  of  rubianine  also  dissolving  in 
boiling  alum-liquor  and  crystallizing  out  again  on  cooling,  is  an 
additional  objection  to  its  use. 

The  difficulty  of  obtaining  pure  verantine  in  sufficient  quan- 
tity for  the  purposes  of  analysis,  has  prevented  me  from  deter- 
mining its  composition  with  the  requisite  accuracy.  I  have  how- 
ever obtained  approximations  sufficiently  near  to  remove  almost 
all  doubts  on  the  question. 

I.  0-3280  grm.  verantine,  dried  at  100°  C.  and  burnt  with 
chromate  of  lead,  gave  0*7865  carbonic  acid  and  0-1215  water. 
II.  0"3220  grm.  gave  0*7740  carbonic  acid  and  0-1205  water. 

III.  0-2890  grm.  gave  0-6995  carbonic  acid  and  0-1040  water. 

IV.  0-1255  grm.  gave  0-3010  carbonic  acid. 

These  numbers  agree  best  with  the  following  composition : — 


Eqs. 

Calculated. 

I. 

II. 

III. 

IV. 

Carbon 

14 

84 

6511 

65-39 

65-55 

6601 

65-41 

Hydrogen  . 

5 

5 

3-87 

411 

415 

3-99 

Oxygen     . 

5 

40 

31-02 

30-50 

30-30 

3000 

129       100-00       10000       100-00       100-00 
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The  composition  here  given  approaches  that  of  the  oxyhzaric 
acid  of  Debus,  who  obtained  in  analysing  that  substance  as  a 
mean  of  his  experiments  in  100  parts, — 

Carbon 66-40 

Hydrogen 3-8.2 

Oxygen 29-78 

The  bar5i:a  compound,  prepared  by  precipitating  the  ammo- 
uiacal  solution  \\dth  chloride  of  barium,  gave  on  analysis  the 
following  results : — 

0-2605  grm.,  dried  at  100°  C.  and  burnt  mth  chromate  of 
lead,  gave  0-4640  carbonic  acid  and  0-0740  water. 
0-4055  grm.  gave  0-1835  sulphate  of  baryta. 
In  100  parts:— 

Carbon 48-57 

Hydrogen 3-15 

Oxygen 18-60 

Baryta 29-69 

The  formula  C^^  H^^  0^3  +  2BaO  =  2(0^4  H^*  0^^  +BaO)  + 
C14  JJ5  05  requires  in  100  parts- 
Carbon    48-27 

Hydrogen 2-49 

Oxygen 1993 

Baryta 29-31 

The  compound  \\ith  oxide  of  copper  gavethefollowingresults: — 
0-3680  grm.,  dried  at  100°  C.  and  burnt  with  chromate  of 
lead,  gave  0-7050  carbonic  acid  and  0-1030  water. 
0-4710  grm.  gave  0*1200  oxide  of  copper. 
These  numbers  correspond  very  nearly  to  the  following  com- 
position : — 

Eqs.  Calculated.      Foimd. 

Carbon     ....     14         84         52-50         52-24 
Hydrogen     ...       4  4  2-50  3*10 

Oxygen    ....       4         32         20-00         19-19 
Oxide  of  copper      .       1       _40         25-00         25-47 

160       100-00       100-00 
Another  specimen,  prepared  in  exactly  the  same  manner  and 
having  the  same  appearance,  gave  a  different  composition. 
0-4375  grm.  gave  0-8910  carbonic  acid  and  0-1345  water. 
0-5530  grm.  gave  0-1080  oxide  of  copper. 
This  gives  the  following  composition  : — 

Eqs.  Calculated.      Found. 

Carbon  ....     56         336         55-17         55-54 
Hvdi-ogen   ...     17  17  2-79  3-41 

Oxygen       ...     17         136         2234         2153 
Oxide  of  copper    .       3         m)         39-70         1952 

609       100-00       10000 
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The  formula  of  this  compound  must  be  expressed  in  the  fol- 
lowing manner : — 

3(Ci4  H"  0^  +  CuO)  +  C*  H^  0^ 

These  analyses  show  that  verantine,  like  many  substances,  the 
acid  character  of  which  is  not  well-marked,  combines  with  bases 
in  various  and  complicated  proportions. 

It  appears  therefore  that  verantine  differs  from  alizarine  by 
containing  1  equiv.  more  of  oxygen.  According  to  Debus,  the 
same  relation  exists  between  alizarine  and  his  oxylizaric  acid. 
He  gives  for  alizarine  the  foi-mula  C^'^  H"^  0-'',  and  for  oxylizaric 
acid  C'^  H^  0^,  so  that  2  equivs.  of  the  latter  contain  1  equiv. 
more  oxygen  than  1  equiv.  of  the  foi-mer.  If  my  view  of  the 
composition  of  these  substances  be  the  correct  one,  the  relation 
subsisting  between  the  two  is  still  more  simple.  Nevertheless 
I  have  some  hesitation  in  asserting  that  verantine  is  to  be  con- 
sidered as  a  higher  oxide  of  the  same  radical  as  alizarine,  or  in 
supposing  that  it  may  be  formed  by  oxidation  from  the  latter. 
Its  formation  is  due,  as  I  shall  presently  show,  not  to  any  pro- 
cess of  oxidation,  but  rather  to  the  splitting  up  of  an  atom  of 
rubian  into  two  bodies. 

Ruhiretine. — This  substance  is  identical  with  that  which  I  for- 
merly called  the  alpha-resin  of  madder,  from  which  it  does  not 
differ  in  properties.  It  is  obtained  as  a  dark  brown,  opake  resin- 
ous mass,  brittle  when  cold,  but  becoming  soft  and  almost  melt- 
ing in  boiling  water.  On  being  heated  to  a  higher  degree,  it 
melts  completely  without  being  decomposed.  It  is  generally 
found  to  be  mixed  with  a  small  quantity  of  verantine,  from  which 
it  may  be  separated  by  solution  in  cold  alcohol,  which  leaves  the 
greatest  part  of  the  verantine  behind ;  1  have  however  found  it 
impossible  to  remove  the  last  traces  of  that  substance.  It  is 
almost  insoluble  in  boiling  water.  Its  solution  in  alcohol  is  dark 
yellow.  It  dissolves  in  concentrated  sul])huric  acid  with  a  yel- 
lowish-brown colour,  and  is  decomposed  on  boiling  the  solution 
with  blackening  and  disengagement  of  sulphurous  acid.  Boiling 
nitric  acid  changes  it  into  a  yellow  substance,  which  no  longer 
softens  at  the  temperature  of  boiling  water,  and  is  very  little 
soluble  in  alcohol.  It  dissolves  in  alkaline  liquids  with  a 
brownish-red  colour,  and  is  reprecipitated  by  acids  in  brown 
flocks,  which  on  boiling  the  liquid  cohere  into  dark-brown  semi- 
fluid masses.  When  heated  in  a  glass  tube,  it  usually  gives  a 
small  quantity  of  sublimed  alizarine  mixed  with  a  bro^^^^  oil.  It 
is  not  capable  of  dyeing  when  quite  free  from  alizarine.  Its 
analysis  yielded  the  following  results : — 

I.  0'5300  grm.  from  the  decomposition  of  rubian,  dried  at 
100^  C.  and  burnt  with  chromatc  of  lead,  gave  1'3190  carbonic 
acid  and  0*2405  water. 
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II.  0"3785  grm.  of  the  same  preparation  as  the  last,  heated  to 
the  melting-point,  gave  0'94:65  carbonic  acid  and  0*1730  water. 

III.  0"4815  grm.  obtained  directly  from  madder,  di-ied  at 
100^  C,  gave  1"2130  carbonic  acid  and  0-2335  water. 

IV.  0"4290  grm.  of  the  same  preparation  as  the  last,  heated 
to  the  melting-point,  gave  1"0735  carbonic  acid  and  0*2050 
water. 

V.  0*3120  grm.  of  another  preparation  obtained  directly  from 
madder,  gave  0*7855  carbonic  acid  and  0*1460  water. 

VI.  0*2350  grm.  of  the  same  preparation  as  the  last,  gave 
0*5865  carbonic  acid  and  0*1065  water. 

In  100  parts  it  therefore  contains — 


I. 

II. 

III. 

n^ 

V. 

VI. 

Carbon     . 

.    67*87 

68*19 

68-70 

68*24 

68-66 

6806 

Hycirogen 

.      5*04 

507 

5*38 

5*30 

5-20 

503 

Oxygen     . 

.    27*09 

26*74 

25*92 

26*46 

26-14 

26-91 

I  endeavoured  in  vain  to  determine  the  atomic  weight  of  this 
substance.  Neither  the  lead  nor  the  bai"}ia  compound  gave 
results  which  harmonized  either  with  one  another  or  with  the 
analyses  of  the  substance  itself.  There  is  however  only  one  for- 
mula which  is  in  accordance  with  the  analyses,  and  at  the  same 
time  satisfactorily  explains  its  formation.  This  formula  is 
(;;i4j|6Q4^  which  requires  in  100  parts — 

Carbon  .  .  .  .  .68*85 
Hydrogen  .  .  .  4*91 
Oxygen     ....     26*24 

It  may  be  remarked  that  this  is  also  the  composition  of  ben- 
zoic acid ;  and  even  if  the  formula  of  rubiretine  should  not  be 
exactly  that  given  above,  but  perhaps  the  double  or  triple  of  it,  it 
still  remains  remarkable  that  two  such  very  different  substances 
should  have  the  same  percentage  composition. 

The  formation  of  rubii*etine  from  rubian  can  only  be  explained 
in  connection  with  that  of  verantine.  If  2  equivs.  of  verantine, 
2  equivs.  of  rubiretine  and  12  equivs.  of  water  be  added  toge- 
therj  the  sum  will  be  equal  to  1  equiv,  of  rubian,  as  follows  : — 

2  equivs.  of  Verantine  =C^^  H^o  O'o 

2  equivs.  of  Rubiretine  =  C28  H^^  0^ 

12  equivs.  of  Water        =__R^^_0^ 

1  equiv.  of  Rubian        =C^  H^  0^« 

If  this  be  the  correct  representation,  it  follows  that  verantine 
and  rubiretine  stand  in  an  intimate  relation  to  one  another, 
that  the  formation  of  one  always  indicates  that  of  the  other.  In 
confirmation  of  this  view,  I  may  state  that  I  have  never  seen 
the  formation  of  one  of  these  substances  taking  place  without  it 
being  possible  to  detect  the  presence  of  the  other. 
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Rubianine. — This  substance,  as  I  mentioned  before,  has  aot 
hitherto  been  observed  among  the  bodies  derived  from  madder. 
It  greatly  resembles  rubiacine  in  its  appearance  and  many  of  its 
properties ;  it  may  however  easily  be  distinguished  by  several 
characteristics,  and  above  all  by  its  composition.  It  is  obtained 
from  a  solution  in  boiling  alcohol  in  the  form  of  bright  lemon- 
yellow,  silky  needles,  which,  when  dry,  form  an  interwoven 
mass.  It  is  soluble  in  boiling  water,  more  so  in  fact  than  any 
of  the  products  of  decomposition  hitherto  mentioned.  It  cry- 
stallizes out  again  on  the  solution  cooling  in  yellow  silky  needles. 
It  is  less  soluble  in  alcohol  than  the  preceding  substances.  Its 
colour  is  lighter  than  that  of  rubiacine.  When  heated  on  pla- 
tinum-foil it  melts  to  a  brown  liquid,  then  burns,  leaving  a  car- 
bonaceous residue,  which  on  further  heating  disappears  entirely. 
When  heated  in  a  glass  tube  it  gives  a  small  quantity  of  a 
yellow  crystalline  sublimate,  but  not  by  far  so  large  a  quantity 
as  is  obtained  under  the  same  circumstances  from  rubiacine, 
which,  when  carefully  heated,  may  be  almost  entirely  volatilized. 
It  is  soluble  in  concentrated  sulphuric  acid  with  a  yellow  colour  ; 
the  solution  on  boiling  becomes  black  and  gives  off  sulphurous 
acid.  A  solution  of  rubiacine  in  concentrated  sulphiu-ic  acid,  re- 
mains quite  unchanged  on  boiling.  It  is  not  affected  either  by 
dilute  or  concentrated  nitric  acid,  even  on  boiling;  it  merely 
dissolves  in  them,  and  crystallizes  out  again  on  the  acid  cooling, 
just  as  from  boiling  water.  When  treated  in  the  cold  with  a  solu- 
tion of  carbonate  of  potash  or  soda,  or  liquid  ammonia,  it  does 
not  dissolve,  nor  is  its  colour  at  all  changed.  When  the  liquid  is 
boiled,  it  dissolves  however  witli  a  blood-red  colour.  Neverthe- 
less it  cannot  be  said  to  combine  with  the  alkali,  but  merely  to 
be  dissolved  by  it  -,  for  on  allowing  these  solutions  to  stand  for 
some  time,  a  yellow  crystalline  mass  again  separates,  which 
is  nothing  but  the  substance  itself.  The  ammoniacal  solution 
gives  red  precipitates  wath  the  chlorides  of  barium  and  calcium. 
The  alcoholic  solution  gives  no  precipitate  with  sugar  of  lead, 
whereas  a  solution  of  rubiacine  gives  a  dark  red  precipitate  with 
■sugar  of  lead.  It  dissolves  in  a  concentrated  solution  of  per- 
chloride  of  iron  v\rith  a  dark  brown  colour,  but  is  not  thereby 
converted  into  rnbiacic  acid.  It  communicates  to  mordanted 
cloth  only  a  slight  tinge  of  colour,  similar  to  that  produced  by 
rubiacine. 

Its  analysis  gave  the  follomng  results  : — 

I.  0-3520  grm.  substance,  dried  at  100°  C.  and  burnt  wdth 
chromate  of  lead,  gave  0'7400  carbonic  acid  and  0'1750  water. 

II.  0'3805  grm.  of  the  same  preparation  gave  0*7990  car- 
bonic acid  and  0'1890  water. 

III.  0*3965  grm.  of  another  preparation  gave  0-8330  car- 
bonic acid  and  0-1890  water. 
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IV.  0-2480  grill,  of  the  same  preparation  as  the  last,  recry- 
stallized  from  alcohol,  gave  0-5290  carbonic  acid  and  0-1280 
water. 

V.  0-3735  grm.  of  a  third  preparation  gave  0-7925  carbonic 
acid  and  0-1785  water. 

VI.  0-3995  grm.  of  the  same  preparation  gave  0-8450  car- 
bonic acid  and  0-1855  water. 

These  numbers  correspond  in  100  parts  to — 

I.  II.         III.        IV.  V.  VI. 

Carbon     .     .     57-33       57-26      57-29       58-17       57-86  57-68 

Hydrogen     .       5-52        5-51         5-29        5-73         5-31  5-15 

Oxygen    .     .     37-15       3723       37-42      36-10      36-83  37-17 

I  have  as  yet  been  unsuccessful  in  my  attempts  to  determine 
the  atomic  weight  of  rubianine.  The  little  affinity  which  it  has 
for  bases  is  proved  by  the  fact  above  mentioned,  of  its  crystal- 
lizing unchanged  out  of  its  alkaline  solutions.  The  baryta  com- 
pound, which  is  obtained  by  adding  chloride  of  barium  to  its 
ammoniacal  solution,  is  easily  decomposed  when  it  comes  to  be 
washed  with  pure  water,  the  bai-\i;a  being  dissolved  by  the  water, 
a  yellow  residue  of  rubianine  being  left  at  last.  It  is  not  ca- 
pable of  separating  oxide  of  lead  from  acetic  acid.  In  fact  it 
nearly  approaches  the  character  of  a  perfectly  neutral  body,  a 
circumstance  which  might  he.  a  priori  foreseen  from  its  containing 
more  carbon  and  less  oxygen  than  rubian  itself,  the  properties 
of  which  are  not  far  removed  from  those  of  an  indifferent  sub- 
stance. 

There  are  three  formulae  which  all  of  them  give  for  100  parts, 
numbers  not  T;\'idely  differing  from  those  found  by  experiment, 
w\z.  C28  W"  013,  C32  H19  015  and  C^  H^-^  0^.  These  formulEe 
require  for  100  parts  of  substance  the  following  amount  of  con- 
stituents : — 

CssHi-Qia. 

Carbon     .     .     .     58-13 

Hydi-ogen     .     .       5-88 

Oxygen    .     .     .     35-99 
It  will  be  seen  that  the  last  formula  is  that  with  which   the 
analyses  agree  best. 

If  the  first  formula  be  the  true  one,  then  the  formation  of 
this  substance  from  rubian  is  easily  explained.  It  would  then 
differ  by  5  equivs.  of  water  from  2  equivs.  of  rubiretine;  and 
1  equiv.  of  rubianine,  2  equivs.  of  verantine  and  7  equivs.  of 
water  added  together  would  be  equal  to  1  equiv.  of  rubian,  as 
seen  by  the  following  equation : 

C28  H17  0'3  +  2(Ci'^  W>  05)  +  7H0  =  Q^  YL^ O^o. 
I  shall  presently  show,  however,  that  there  is  more  probability 
in  favour  of  one  of  the  two  latter  formulae. 


C32H"01^ 

C44H2*02». 

58-00 

57-99 

5-74 

5-47 

36-26 

36-54 
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Sugar. — That  the  substance  obtained  from  the  acid  liquid  after 
the  complete  decomposition  of  rubian  is  a  sjiecies  of  suirar,  will, 
I  think,  be  apparent  from  an  enumeration  of  its  properties.  It 
is  always  obtained  in  the  form  of  a  transparent  yellow  synip, 
which  neither  crystallizes,  however  long  its  solution  may  be  left 
to  stand,  nor  becomes  dry,  unless  heated  to  100°  C.  Its  taste 
is  sweetish,  accompanied  by  a  bitter  after-taste,  like  that  of  burnt 
sugar.  "When  heated  for  some  time  at  100^  C.  it  loses  a  por- 
tion of  its  water,  but  remains  soft  and  viscid.  On  allowing  it 
however  to  cool,  it  becomes  brittle  and  capable  of  pulveriza- 
tion. After  a  few  moments'  exposure  to  the  air  it  again  begins 
to  attract  moisture,  which  it  does  as  rapidly  as  chloride  of  cal- 
cium, and  is  soon  reconverted  into  syrup.  This  is  a  character 
which  it  has,  in  common  with  ordinary  syrup,  obtained  by  boil- 
ing a  solution  of  cane-sugar  in  water.  It  is  soluble  in  alcohol. 
It  is  not  affected  by  dilute  sulphuric  acid,  even  on  boiling ;  but 
on  evaporating  a  solution  to  which  sulphuric  acid  has  been 
added,  it  is  decomposed  in  proportion  as  the  acid  becomes  con- 
centrated, and  is  changed  into  a  black  powder  like  humus.  Con- 
centrated sulphuric  acid  destroys  it  immediately  with  disengage- 
ment of  sulphurous  acid.  It  is  destroyed  by  nitric  acid.  By 
operating  on  a  moderately  large  qviantity  of  it,  I  was  enabled  to 
ascertain  that  the  sole  product  of  the  action  of  nitric  acid  is 
oxahc  acid.  It  is  not  precipitated  from  its  watery  solution  by 
any  metallic  or  other  salt,  not  even  by  basic  acetate  of  lead. 
On  the  addition  of  caustic  potash  or  soda  to  its  solution  and 
boiling,  the  solution  immediately  becomes  brown,  and  a  brown 
powder  falls,  just  as  in  the  case  of  grape-sugar.  It  is  capable 
of  fermentation.  The  wateiy  solution  when  mixed  with  yeast 
soon  begins  to  ferment,  though  the  process  is  not  so  lively  as 
in  the  case  of  an  equal  quantity  of  common  sugar;  and  by 
distilling  the  liquid  and  boiling  the  distillate  with  dry  carbonate 
of  soda,  alcohol  may  be  obtained. 

The  analysis  was  attended  with  some  difficulty  on  account  of 
the  gi-eat  affinity  which  it  has  for  water.  By  heating  it  however 
for  some  time  at  100°  C,  then  allowing  to  cool  and  pulverizing 
while  in  its  brittle  state  as  quickly  as  possible,  it  was  obtained 
in  a  condition  fit  for  analysis.  Even  then  however  the  state  of 
hydration  was  not  uniform,  so  that  the  analyses  difi^ered  consi- 
derably from  one  another.  The  following  results  were  ob- 
tained : — 

I.  0-4765  grm.,  burnt  with  chromate  of  lead,  gave  0'6860 
carbonic  acid  and  0-2905  water. 

II.  03050 grm.  gave  0-4450  carbonic  acid  and  0'1815 water. 

III.  0-3820  grm.  gave  05650  carbonic  acid  and  0*2205  water. 
These  numbers  give  in  100  parts — 
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I.  II.  III. 

Carbon     .     .     3926  3979  4033 

Hydi-ogen     .       6' 77  6*61  6"41 

Oxygen    .     .     53-97  53-60  53-26 

As  this  substance  does  not  combine  with  bases,  its  atomic 
weight  could  not  be  determined  by  direct  experiment.  There 
are,  however,  two  formula3,  both  of  which  agree  with  the  analyses 
and  explain  its  formation,  viz.  C^^  W^  0^^  and  C'^  H'^  O^^^ 
Both  of  these  formulae  require  in  100  parts — 

Carbon  .  .  .  4000 
Hydi'ogen  .  .  6*66 
Oxygen     .     .     .     53-34 

If  the  formula  C^"*  H^"*  0^^  be  the  true  one,  then  its  forma- 
tion from  rubian  admits  of  an  easy  explanation.  It  would  then 
differ  from  verantine  by  9  equivs.  of  water ;  and  by  adding  to- 
gether 2  equivs.  of  it  and  2  equivs.  of  rubiretine,  the  sum  would 
be  equal  to  1  equiv.  of  ruqian  plus  6  equivs.  of  water,  as  the 
following  equation  shows  : — 

2eqs.  Sugar     .    =C28H2802n  _  fC^H^-iO^Osl  eq.  Eubian. 
2  eqs.  Rubiretine  =  CTT^Qs  /-  \      H  ^0^  =6  eqs.  Water. 
QoGYi^oQse  C^H-^oO^G 

If  the  formula  of  rubianine  be  C^^  H^"  0^^,  it  may  replace 
rubiretine  in  the  above  equation;  11  equivs.  of  water  instead  of 
6  being  added  to  the  rubian,  as  follows, — 

2  eqs.  Sugar     .  =C28H2802n  _  rc^SHs-iOso^l  eq.  Rubian. 

1  eq.  Rubianine  =^^W^J~\      H'^0'^  =  11  eqs.  Water. 

(;;56H4504i  C^H-iSQ-ii 

To  this  view  however  it  may  be  objected  that  all  the  species 
of  sugar  capable  of  fermentation  with  which  we  are  acquainted 
contain  12  equivs.  of  carbon.  Indeed  it  is  difficult  to  conceive 
how  a  body  of  the  formula  C'**  H^"^  0^*  can  be  decomposed  into 
alcohol  and  carbonic  acid.  It  is  therefore  far  more  probable  that 
the  formula  of  this  substance  is  C^-  H'-^  0^'^,  which  is  also  that 
of  grape-sugar  when  dried  at  100°  C.  In  fact,  were  it  capable 
of  being  crystallized,  it  would  no  doubt  be  considered  as  iden- 
tical with  2:rape-sugar.  If  this  be  granted,  then  it  follows  that 
the  formula  of  rubianine  must  be  either  C^^  Ri^  0^^  or  C^^  H^^  0^^ 
as  will  be  seen  by  the  following  equations : — 

2  eqs.  Sugar     .  zzrC^^H^'iO^n  _  JC^W^O^^^l  eq.  Rubian. 
1  eq.  Rubianine  ^C^^H'^O'^J  ~\      H»  0^  =9  eqs.  Water. 
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or 

1  eq.  Su-ar     .    =C'nV^O^^\  _  fC^ll^O'^^^l  eq.  Rubian. 
1  eq.  llubiauine  =  C^H^^Q^o  J  ~  \      ir^  O^  =  2  cqs.  Water. 

Q561136Q32  C'^H^O^^ 

The  formula  C"*^  H^'*  0^°  seems  to  me  the  more  probable  of 
the  two.  It  agrees  best  with  the  results  of  analysis,  and  the 
high  atomic  weight  of  rubianine  which  follows  from  it  explains 
the  very  neutral  character  of  that  substance.  Hence  it  appears 
that  rubianine  stands  in  the  same  relation  to  the  sugar  as  rubi- 
retine  does  to  vcrantine.  When  added  together  they  contain 
the  elements  of  rubian  plus  the  elements  of  water,  while  rubire- 
tine  and  vcrantine  added  together  contain  the  elements  of  rubian 
minus  the  elements  of  water. 

On  the  whole,  it  aj)pcars  that  the  action  of  acids  on  rubian  is 
not  of  so  complicated  a  nature  as  might  at  first  sight  be  sup- 
posed. The  number  of  substances  produced  by  this  action  is 
five.  Nevertheless  it  does  not  follow  that  these  five  substances 
are  all  formed  together,  or  in  other  words,  that  one  atom  of  ru- 
bian by  its  decomposition  gives  rise  to  all  five  at  the  same  time. 
From  the  composition  of  these  substances,  as  compared  with  that 
of  rubian,  it  follows  that  the  latter  by  the  action  of  acids  under- 
goes decomposition  in  three  difi'erent  directions,  or  more  correctly 
speaking,  that  the  decomposition  affects  three  separate  atoms  of 
rubian.  One  of  these  atoms  loses  14  atoms  of  water,  and  is 
converted  into  alizarine.  The  second  loses  12  atoms  of  water, 
and  then  splits  up  into  vcrantine  and  rubiretine.  The  third 
takes  up  the  elements  of  water,  and  then  splits  up  into  rubianine 
and  sugar.  What  the  circumstances  are  xmder  which  either  one 
or  the  other  of  these  three  processes  takes  place  I  am  unable  to 
say.  That  the  loss  of  a  greater  or  smaller  proportion  of  water  or 
the  addition,  on  the  contrary,  of  the  elementsof  water  to  those  of 
rubian,  are  the  immediate  efficient  causes  of  one  or  the  other  of 
the  three  processes  taking  place  is  very  probable  ;  but  Avhat  again 
determines  the  elimination  of  more  or  less  water  from  rubian, 
or,  on  the  other  hand,  its  combination  with  more  water,  remains 
uncertain.  It  is  not  unlikely  however  that  the  degree  of  tem- 
perature at  which  the  decomposition  is  effected  may  have  some- 
thing to  do  with  it.  It  is  probable  that  the  lower  the  tempera- 
ratiu'c  at  which  the  acid  acts  on  the  rubian,  the  more  rubianine  and 
sugar  are  formed,  and  that  at  a  higher  temperature  more  aliza- 
rine, vcrantine  and  rubiretine  are  produced.  In  all  experiments 
hitherto  mentioned  I  have  always  obtained  all  five  products  of 
decomposition,  though  by  no  means  in  equal  proportions,  the 
alizarine  being  formed  in  the  smallest  quantity,  the  amount  of 
rubiretine  and  vcrantine  being  somewhat  fT,veatei',  and  the  rubia- 
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nine  and  sugar  being  produced  in  the  largest  quantity.  In  the 
coui'se  of  this  paper  I  shall  have  occasion  to  mention  circum- 
stances in  which  a  still  greater  preponderance  takes  place  in  the 
amount  of  several  of  these  substances  formed  over  that  of  the 
others.  Whether  it  would  be  possible  to  confine  the  decompo- 
sition of  rubian  entirely  to  one  of  these  processes,  or  whether  all 
three  are  essential,  is  a  question  of  the  highest  importance,  not 
so  much  in  a  theoretical,  as  a  practical  point  of  view.  That 
beautiful  substance,  alizarine,  is  the  only  one  of  these  products 
which  is  capable  of  yiekhng  dyes.  It  is  this  body  which  in  my 
opinion  gives  rise  to  all  the  beautiful  colours  for  the  production  of 
which  madder  is  employed.  The  others  are  not  only  useless,  they 
are  positively  injm'ious,  as  I  have  shown  on  a  former  occasion. 
Though  experimentally  alizarine  is  formed  in  the  smallest  pro- 
portion, it  is  nevertheless  theoretically  possible  to  convert  rubian 
entirely  into  alizarine,  without  the  least  quantity  of  the  other 
substances  being  produced.  From  this  point  of  view  the  other 
substances  may  be  considered  as  formed  at  the  expense  of  ahza- 
rine.  In  fact,  by  adding  together  1  equiv.  of  verantine  and 
1  equiv.  of  rubiretine,  and  subtracting  1  equiv.  of  water,  we  ob- 
tain the  elements  of  2  equivs.  of  alizarine,  for 

C14  H5  Qo  +  C'i  H«  04=2(Ci''  H5  0-*)  +  HO. 
Also  by  adding  together  1  equiv.  of  rubianine  and  1  equiv.  of 
sugar,  and  subtracting  16  equivs.  of  water,  we  obtain  the  ele- 
ments of  4  equivs  of  alizarine,  for 

044  H24  020  +  C12  H12  0^2=4(01^  H5  0")  +  16H0. 

If  any  chemist  should  succeed  in  changing  rubian  entirely 
into  alizarine,  an  undertaking  in  which  there  is  no  occasion  to 
despair  of  success,  he  would  be  the  means  of  giving  a  great  sti- 
mulus to  many  branches  of  manufactm*e  and  adding  a  large  sum 
to  the  national  wealth. 


LII.  On  Continued  Fractions  in  Quaternions.  Bij  Sir  William 
Rowan  Hamilton,  LL.D.,  M.R.I.A.,  F.R.A.S.  ^c.,  Andrews' 
Professor  of  Astronomy  in  the  University  of  Dublin,  and  Royal 
Astronomer  of  Ireland^. 

1.   TT  is  required  to  integrate  the  equation  in  differences, 

where  x  is  a  variable  whole  number,  but  a,  b,  u  are  quaternions  f- 

*  Communicated  by  the  Author, 

t  The  advertisement,  that  the  present  wi-iter's  Lectures  on  Quaternions 
were  to  be  ready  in  Jauuaiy  last,  was  inserted,  contraiy  to  his  wishes, 
through  the  over-zeal  of  an  agent :  but  the  work  in  question  is  now  nearly 
all  in  type. 
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Let  (7,  and  q^-,  he  any  two  assumed  quaternions ;  then 

«x+i  +  ?,  =  i(«  +  w,)"'  +  (7i  =  (^''  +  (/i«  +  (7i'0(«  +  "J~', 
w,+ 1  +  gii  =  b{a  +  u^)  - '  +  (J.2  ={b  +  q^n  +  q^u^)  {a  +  w  J  - ', 

u^+i  +  q^  _  b  +  g^a  +  q^u^  __     q-^b  +  a  +  u.,    _, 
n^+r+q^        b  +  q^a  +  q^u^      ^^<^-'6  +  a  +  w^  ^' 

If  therefore  wc  suppose  that  q^,  q.^  are  roots  of  the  quadratic 
equation 

q-  =  qa  +  b, 
which  gives 

we  shall  have 
and  finally, 


q-^b  +  a  =  q, 

Ux+l  +  q2_       '^.r  +  <7o      _, 
%  +  ?!  ^  «'0  +  ?I      ' 


2.  It  was  in  a  less  simple  way  that  I  was  led  to  the  last 
written  result.     I  assumed 

and  treated  this  continued  fraction  as  a  particular  case  of  the 
following:, 

a,+  a,+  -"a^  +  c      D^      D'>,  +  c)  +  D",  */ 
By  changing  c  to  — ^^^— ,  I  obtained  the  equations, 

DUi=D',.«^.  +  D"^,6^,  D",^,=D'^, 
with  the  initial  conditions 

which  allowed  me  to  assume 

,       .  ^''0=1.     D'o  =  0.  • 

Making  next  5 

a  rza,     b  =b, 
there  resulted 

N^=  N'^,(«  +  c)  +  W.,-,b,     I),=DV(t/  +  c)  +  D',_,i, 

This  led  me  to  assume 

^j=a  +  5'-'^>,  q^  —  a  +  q-^b, 


,. .i.  ..-.■  ■,\\v\iV^'.>\*\  ;■, jv\i>.'. ■.(vv- 
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whence  there  followed, 

m=-{q;'-q-')-^q-'=+q,{q,-ci^)-', 
l'=-m'=:{q-q^y\ 

Hence 

N,  =  ^(ri(?l  +  C)  +  nuf,{qo  -h  C),      T)^=l'q\{q,  -V  c)  +  ??/$-%(?^  ;f  c)  J 
and  making-,  for  coucisenesSj 

it  was  found  that 

'     U  +  J         D,       I'  +  m'v,-  (gj_ry,)-'(l-t;^) 

Thus 

^t  +  Qi=  7 nZittt r  =  (1  —  '",)"'(?!  —  (Za^l  > 

^{>:  +  9i  =  ^.r(  1  -  '-'J  "  H'7l  -  ^o)  i 

and  finally, 

?<,.  +  ^2 

^,r  +  ^i 
as  before. 

And  because  in  no  one  stage  of  the  foregoing  process  has  the 
commutative  principle  of  multiplication  been  employed,  the 
results  hold  good  for  quaternions,  and  admit  of  interesting  in- 
terpretations. 

Obsen'atory,  Mai-ch  20,  1852. 

[To  be  continued.] 

LIIL  On  the  Triple  or  Ammonio-magnesian  PhospJiates  occurring 
in  the  Urine  and  other  Animal  Fluids.  By  J.  W.  Griffith, 
M.D.,  F.L.S.,  Member  0/ the  Ro7/al  College  of  Physicians^. 

TWO  forms  of  the  so-called  triple  or  ammonio-magnesian 
phosphates  have  long  been  considered  to  occur  in  animal 
fluids.  One  of  these  is  composed  of  microscopic  stellse  with 
mostly  six  foliaceous  rays,  and  is  readily  obtained  by  adding 
excess  of  solution  of  ammonia  to  urine ;  this  is  commonly  known 
as  the  bibasic  phosphate.  The  other  exists  in  the  form  of  micro- 
scopic prisms,  most  of  which  are  trilateral,  frequently  with  one 
of  the  edges  truncated,  the  terminal  facets  being  single  and 
oblique ;  these  are  in  reality  hemihedric  crystals.  This  salt  is 
well  known  as  being  almost  constantly  found  in  putrid  mine  j 
*  Commuuicated  by  the  Author. 
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and  not  unfrequently,  in  a  somewhat  modified  form,  in  acid 
urine,  and  is  called  the  neutral  phosphate  of  ammonia  and  mag- 
nesia. These  forms  are  both  figured  in  my  "  Practical  ^lanual," 
&c.,  1843/ and  in  most  other  works  on  animal  chemistry;  but 
their  respective  compositions  have  not,  so  far  as  I  am  aware, 
been  determined,  nor  the  connexion  of  the  forms  with  the  com- 
position been  ascertained.  A  knowledge  of  this  deficiency  in- 
duced me  in  1815  to  prepare  artificially  and  analyse  the  bibasic 
or  stellate  form,  which  can  be  readily  procured,  and  in  a  tole- 
rable state  of  purity,  from  healthy  urine.  This  analysis  was 
published  in  the  second  part  of  my  Manual,  p.  58,  and  shows 
that  this  phosphate  agrees  in  composition  with  that  prepared 
artificially  and  analysed  by  Professor  Graham*.  The  difficulty 
in  determining  the  constitution  of  the  neutral  salt,  as  it  is  called, 
has  depended  upon  the  constancy  with  which  it  occurs  mixed 
with  either  the  basic  salt,  or  mucus  and  other  foreign  substances. 
I  lately,  however,  found  a  method'  of  preparing  it,  in  a  tolerably 
pure  state,  from  healthy  urine,  as  from  an  artificial  saline  mixture. 
If  healthy  urine  be  diluted  with  water,  and  very  dilute  solution 
of  ammonia  be  stirred  into  it  in  small  quantities  at  a  time,  taking 
care  that  its  acidity  be  not  completely  neutralized,  the  so-called 
neutral  triple  phosphate  will  be  thrown  down.  It  is  also  formed 
when  dilute  solution  of  ammonia  is  added  to  a  dilute  aqueous 
solution  of  phosphate  of  ammonia  and  sulphate  of  magnesia. 
The  precipitates  in  both  cases  consist  ■  of  prisms  exhibiting  all 
the  forms  of  the  neutral  phosphate  met  witl^  in  animal  fluids, 
sometimes  grouped,  at  others  isolated,  and  the  forms  are  identical 
in  both  cases. 

After  washing  the  crystals  with  cold  water,  they  were  allowed 
to  dry  in  the  air,  and  analysed  in  the  usual  way.  The  compo- 
sition of  this  "  neutral ''  salt  was  then  found  to  "be  identical  with 
that  of  the  ''bibasic;"  thus— 

Theory.  I.  II.  HI. 

NH3      .       17  6-93  7-32 

2MgO  .  40  16-30n  ,._  .._  ,..0/16-47 
PO^  .  .  71-4  29-09 j^^^^  ^^^^  '^^'^  129-26 
13H0     .     117-0      47-68 


245-4    100-00 

The  conditions  under  which  these  two  forms  acquire  their 
difi'erent  crystalline  figures  appear  to  be  these.  The  ammonio- 
phosphate  of  magnesia  is  less  soluble  in  solution  of  ammonia 
than  in  water  or  urine.  Hence  when  only  just  sufficient  am- 
monia is  present  to  form  the  ammonio-phosiDhate  with  the 
phosphate  of  magnesia  in  solution,  the  crystals  are  slowly  pro- 
*  Trans.  Royal  Soc.  of  Lond.  1837,  p.  68. 
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duced  and  assume  the  more  perfect  or  prismatic  forms  ;  but  when 
excess  of  ammonia  is  present,  the  formation  of  the  crystals  is  hur- 
ried, and  the  stellate  feathery  crystals  result.  That  the  feathery 
crystals  are  truly  mere  aggregations  of  the  prisms  is  sho\^'u  by  the 
fact,  that  where  they  are  more  slowly  formed  from  a  very  dilute 
solution,  we  occasionally  meet  with  the  prisms  projecting  from  the 
sides  of  the  feathery  portions.  This  explanation  of  the  respective 
conditions  under  which  these  two  forms  are  met  with,  is  appli- 
cable to  then'  occurrence  naturally  in  animal  fluids.  When 
urine  is  kept,  it  graduallj-  becomes  ammoniacal ;  and  as  the 
ammonia  is  formed,  it  combines  at  once  with  the  phosphate  of 
magnesia ;  hence  the  prisms  are  produced ;  and  we  never  find 
the  feathery  forms  in  either  the  m-ine  or  other  animal  fluids, 
unless  some  portion  of  the  liquid  has  been  prevented  from  ad- 
mixture with  the  remainder  by  mucus,  or  some  other  such  sub- 
stance, until  after  the  fluid  has  become  ammoniacal.  The  "pen- 
niibrm''''  crystals  of  the  ammonio-magnesian  phosphate  are  merely 
modified  forms  of  the  stellate ;  they  may  be  readily  obtained  by 
adding  excess  of  ammonia  to  a  very  dilute  solution  of  the  phos- 
phate of  ammonia  and  sulphate  of  magnesia,  and  are  remarkable 
for  the  curvatures  of  then-  rays. 

9  St.  Jolin's  Square, 
March  1,  1852. 

LIV.   On  a  remarkable  Theorem  in  the  Theory  of  Equal  Roofs  and 
Multiple  Points.     By  J.  J.  Sylvester,  Barrister-at-Law^. 

IN  order  that  the  theorem  which  I  propose  to  state  may  be 
the  more  easily  understood,  and  with  the  least  ambiguity 
expressed,  I  shall  commence  with  the  case  of  a  homogeneous 
function  of  two  variables  only,  x  and  y. 
Let 

(fi  =  ax"  +  nbx'*~  ^.y  +  n.  — - —  ca;"~- .  y'^  +  &c. 

+  .  .  .  +nb'xy"-^  +  a'y", 
and  let  the  result  of  operating  with  the  sj-mbol 

on  any  function  of  a,b,  c, . . .  b' ,  a'  be  called  the  Evectant  of  such 
function,  and  the  result  of  repeating  this  process  r  times  the 
rth  Evectant. 

Understand  by  the  multiplicity  of  the  equation  the  number  of 
equaUties  between  the  roots  that  exist ;  so  that  a  pair  of  equal 

*  Communicated  by  the  Author. 
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roots  will  signify  a  multiplicity  1,  two  pairs  of  equal  roots,  or  three 
equal  roots  a  multit)licity  2  ;  a  pair  of  equal  roots  aud  a  set  of  three 
equal  roots,  a  multiplicity  1  +  2  or  3,  and  so  on.  Xow  suppose 
the  total  multi})licity  of  ^  to  be  m  :  the  first  part  of  the  jjropo- 
sition  consists  in  the  assertion  that  the  1st,  2nd,  3rd...(/«  — l)th 
Evectants  of  the  discriminant  of  ^,  i.  e.  of  the  result  of  elimina- 
ting X  and  7/  between  -—-,  —j-  (as  well  as  the  discriminant  itself), 

Avill  all  vanish  in  whatever  way  the  multiplicity  is  distributed; 
the  second  part  of  the  proposition  about  to  be  stated  requires 
that  the  mode  should  be  taken  into  account  of  the  manner  in 
which  the  multiplicity  (/?;)  is  made  up.  Suppose,  then,  that 
there  are  (r)  groups  of  roots,  for  one  of  which  the  multiplicity  is 
OTj,  for  the  second  mc^,  &c.,  and  for  the  rth  mc^,  so  that  ///,  +7«2  + 
...  +  W2  =  "2-  Then,  I  say,  that  the  wth  evectant  of  the  determi- 
nant of  <p  is  of  the  form 

where  «j :  Jj  a^:  b^  •  •  •  (ir  '•  ^>-  ^I'e  the  ratios  of  x  :  ij  corresponding 
to  the  several  sets  of  equal  roots. 

This  latter  part  of  the  theorem  for  the  case  of  //( =  1  was  dis- 
covered inductively  by  i\lr.  Cayley,  by  considering  the  cases 
when  (j)  is  a  function  and  cubic,  or  a  biquadratic  function.  I 
extended  the  theory  to  functions  of  any  number  of  variables,  and 
supplied  a  demonstration,  i.  e.  for  the  case  of  one  pair  of  equal 
roots.  ]\Ir.  Salmon  showed  that  my  demonstration  could  be  ap- 
plied to  the  case  of  two  pairs  of  equal  roots,  or  two  double  points, 
&c.,  and  very  nearly  at  the  same  time  I  made  the  like  extension 
to  the  case  of  three  equal  roots,  cusps,  &c.,  and  almost  imme- 
diatelyafter  I  obtained  a  demonstration  for  the  theorem  in  its  most 
general  form.  This  demonstration  reposes  upon  a  very  refined 
principle,  which  I  had  previously  discovered  but  have  not  yet 
published,  in  the  Theory  of  Elimination. 

I  have  here  anticipated  a  little  in  speaking  of  the  theorem  as 
applicable  to  curves  and  other  loci. 

Suppose  cf){a;,  y,  ~)  =0  to  be  the  equation  to  a  curve  expressed 
homogeneously. 

Let 

0(^,  y,  2-)  =«A"-f  {na'a;"-Ky  +  iib'A"-Kz) 

+  11 .  ^^~-.a''x''-^.i/  +  n{n--l)b''x''-'.ys  +  Ti.^-^^c''x''-^.y^, 

-[-  &c.         &c., 
and  understand  by  the  evectant  of  any  quantity  the  result  of 
operating  upon  it  with  the  symbol 

^"•i  +'^"-'-//.4  +'^"-'-^-^7  +^"'-'.y'.i-,  +&C. 
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Suppose,  now,  the  curve  to  have  double  points,  the  (r— l)th 
evectant  (and  of  coui'se  all  the  inferior  evectants)  of  the  discri- 
minant of  ^  (meaning  thereby  the  result  of  eliminating  x,  y,  z 

bet^veen  ^,  -^,  -r-\  "wiH  all  vanish,  and  the  rth  evectant  will 
dx    dy    dz  / 

be  of  the  form 

{a^x-\-h^.y-\-c^zy'y.{a:^  +  h.^.y^Cc,.zy\,.  x  {a,x-^h^.y-Vc,.zy\ 

where  a^  :  h^ :  Cj,  Uo'.b^:  c,,  •  .  .  a,. :  by :  c,.  are  in  the  ratios  of  the 
coordinates  at  the  respective  double  points.  If  there  be  cusps 
the  multiplicity  of  each  such  will  be  2  ;  and  calling  the  total  niid- 
tiplicity  m,  to  every  cusp  will  correspond  a  factor  of  the  2nth 
power  in  the  ?«th  evectant ;  and  so  on  in  general  for  various 
degrees  of  multiplicity  at  the  singidar  points  respectively.  The 
like  theorem  extends  to  conical  and  other  singular  points  of  sur- 
faces ;  so  that  there  exists  a  method,  when  a  locus  is  given 
having  any  degree  of  multiplicity,  of  at  once  detecting  the  amount 
and  distribution  of  this  multiplicity,  and  the  positions  of  the 
one  or  more  singular  points.  In  conclusion  I  may  state,  that 
precisely  analogous  results  [mutatis  mutandis)  obtain,  when,  in 
place  of  a  single  fimction  having  multiplicity,  we  take  the  more 
general  supposition  of  any  number  of  homogeneous  functions 
being  subject  to  the  condition  of  pluri-simultaueity,  i.  e.  being 
capable  of  being  made  to  vanish  by  each  of  several  different 
systems  of  values  for  the  ratios  between  the  variables.  Multi- 
plicity in  a  single  function  is,  in  fact,  nothing  more  nor  less 
than  pluri-simidtaneity  existing  between  the  functions  derived 
from  it  by  differentiating  with  respect  to  each  of  the  given  va- 
riables successively.  But  as  I  purpose  to  give  these  theorems 
and  their  demonstration,  which  I  have  already  imparted  to  my 
mathematical  correspondents  in  a  paper  destined  for  reading 
before  the  Royal  Society,  I  need  not  further  enlarge  upon  them 
on  the  present  occasion. 

26  Lincoln's-Iun-Fields, 
Maich  -23,  1852. 

P.S.  In  the  above  statement  I  have  spoken  only  of  cusps  of 
curves  which  are  the  precise  and  unambiguous  analogues  of  three 
coincident  points  in  point-systems,  m  order  to  avoid  the  neces- 
sity of  entering  into  any  disquisition  as  to  the  species  of  singu- 
larity in  cm'ves  or  other  loci  corresponding  to  higher  degrees  of 
multiplicity  in  point-systems,  a  subject  which  has  not  hitherto 
been  completely  made  out.  I  may  here  also  add  a  remark,  which 
gives  a  still  higher  interest  to  the  theory,  which  is  (to  confine 
om'selves,  for  the  sake  of  brenty,  to  functions  of  two  vaiiables), 
that  if  any  root  of  x  :  y,  say  a  :  b,  occur  1  + /j,  times,  the  total 
multiphcity  of  the  equation  being  supposed  m,  and  its  degree  n, 
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then  taking  t  any  integer  number  not  exceeding  /i,  the  {m  +  i)th 

evectant  of  the  discriminant  will  contain  the  factor  {ax-\-hiiy~'''^. 
So  that,  for  instance,  if  there  be  but  a  single  group  of  equal 
roots,  and  they  be  1  +/a  in  number,  every  evectant  up  to  the 
(/A— l)th  inclusive  will  vanish,  and  from  the  /ith  to  the  (2/x — t)th 
will  contain  a  power  of  (ax  +  bi/)". 


LV.   On  a  new  Locality  of  Phenakite. 
By  Professor  Miller  of  Cambridge^. 

IN  the  Supplement  to  the  sixth  volume  of  the  Bibliotheque 
Universelle  de  Geneve,  page  291),  I\L  Mariguac  describes  a 
supposed  crystal  of  tourmaline  exhibiting  new  forms  in  the  fol- 
lowing words : — • 

"  Les  cristaux  de  tourmaline  dont  je  vais  deerire  les  formes 
ont  ete  observes  sur  un  echantillon  provenant  probablement  du 
Dauphine,  et  portant  des  cristaux  de  quartz  et  d'anatase.  lis 
offrcnt  dc  petits  prismes  a  douze  pans  stries  longitudinalement, 
parfaitement  hyalins  et  incolores,  rayaut  facilement  le  veiTC, 
mais  non  le  quartz,  et  inalterables  an  chalumeau.  Un  seul 
sommet  est  visible,  I'autrc  etant  engage  dans  la  gangue;  ce 
sommet  presente  an  moins  trois  systemes  de  facettes  dont  aucun 
ne  correspond  aux  modifications  qui  out  ete  decrites,  a  ma  con- 
naissance  du  moins,  dans  la  tourmaline,  bien  qu'ils  derivent  par 
des  lois  simples  du  rhomboedre  primitif  dc  cette  substance." 

The  angles  of  the  forms  described  by  ]\I.  Marignac  approach 
closely  to  those  of  phenakite.  For  e,  e',  e"  being  three  faces  of  a 
rhombohedron  of  phenakite  truncating  the  edges  foraied  by  the 
intersections  of  the  faces  r,  ?•',  t"  of  another  rhombohedron  of 
the  same  mineral,  the  angle  between  normals  to  ee',  according 
to  Beirich's  measurements  of  good  crystals  from  Framont,  is 
35°  56',  and  between  normals  to  ?•;•',  03°  20',  the  corresponding 
angles  in  Marignac's  crystal  being  36°  0'  and  63°  30'.  The 
third  form  described  by  ^larignac  is  the  regular  six-sided  pyramid, 
the  faces  of  which  truncate  the  edges  in  which  the  faces  of  the 
rhombohedrons  e,  e',  e" ;  r,  r',  r"  intersect  each  other.  The  lim- 
pidity and  absence  of  colour  are  favourable  to  the  supposition 
that  the  crystal  is  phenakite,  though  in  hardness  it  appears  to 
be  a  very  little  infeiior.  Should  it  on  further  examination  prove 
to  be  phenakite,  it  may  possibly  lead  to  the  discovery  of  a  new 
locality  of  that  mineral,  and  will  increase  the  probability  of  find- 
ing it  in  existing  collections  formed  prior  to  the  discovery  of  the 
mineral  in  Siberia  and  Alsace.  It  will  also  show  the  name 
phenakite,  from  its  deceptive  appearance,  to  have  been  veiy  hap- 
pily chosen  by  Von  Nordenskicild. 

*  CommuQicated  by  the  Author. 


[    379     ] 

LVI.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 

[Continued  from  p.  311.] 

Jan.  15,  A     PAPER  was  read,  entitled,  "  On  the  Development  of 
1852.    '^*-     the  Ductless  Glands  of  the  Chick."    By  Henry  Gray, 
Demonstrator  of  Anatomy  at  St.  George's  Hospital.    Communicated 
byW.  Bowman,  Esq.,  F.R.S. 

In  this  paper  the  author  has  demonstrated  the  evolution  of  the 
spleen,  supra-renal  and  thyroid  glands,  and  the  tissues  of  which 
each  is  composed,  in  order  to  show  the  place  that  may  be  assigned 
to  each  in  a  classification  of  the  glands. 

The  spleen  is  shown  to  arise  between  the  4th  and  5th  days,  in  a 
fold  of  membrane  which  connects  the  intestinal  canal  to  the  spine 
(the  "  intestinal  lamina"),  as  a  small  whitish  mass  of  blastema,  per- 
fectly distinct  from  both  the  stomach  and  pancreas.  This  fold 
serves  to  retain  it  and  the  pancreas  in  connection  with  the  intestine. 
This  separation  of  the  spleen  from  the  pancreas  is  more  distinct  at 
an  early  period  of  its  evolution  than  later,  as  the  increased  growth 
of  both  organs  causes  them  to  approximate  more  closely,  but  not 
more  intimately  with  one  another  ;  hence  probably  the  statement  of 
Arnold,  that  the  spleen  arises  from  the  pancreas.  With  the  increase 
in  the  growth  of  the  organ  and  the  surrounding  parts,  it  gradually 
attains  the  position  that  it  occupies  in  the  full-grown  bird,  in  more 
immediate  proximity  with  the  stomach ;  hence  probably  the  state- 
ment of  Bischoff,  that  it  arises  from  the  stomach.  Later,  when  its 
vessels  are  formed,  the  membrane  in  which  it  Mas  developed  is 
almost  completely  absorbed. 

The  author  then  considers  the  development  of  the  tissues  of  the 
spleen,  which  clearly  establishes,  not  only  the  glandular  nature  of  the 
organ  itself,  but  the  great  similarity  it  bears  with  the  supra-renal 
and  thyroid  glands. 

The  external  capsule  and  the  trabecular  tissue  of  the  spleen  are 
both  developed  between  the  Sth  and  9th  days,  the  former  in  the 
form  of  a  thin  membrane  composed  of  nucleated  fibres,  the  latter 
consisting  of  similar  fibres,  which  intersect  the  organ  at  first  sparingly, 
and  afterwards  in  greater  quantity.  The  development  of  the  blood- 
vessels and  the  blood  are  next  examined.  The  former  are  shown  to 
arise  in  the  organ  independent  of  those  which  are  exterior  to  it. 
The  development  of  the  blood-globules  is  shown  to  arise  from  the 
blastema  of  the  organ  at  the  earliest  period  of  its  evolution,  and 
continue  their  for.aation  until  its  connection  with  the  general  vas- 
cular system  is  effected,  at  which  period  their  development  ceases. 
No  destruction  of  the  blood-globules  could  ever  be  observed.  These 
observations  disprove  the  two  existing  opinions  of  the  use  of  the 
spleen,  as  the  blood-discs  are  not  formed  there  (excepting  during  its 
early  development),  as  stated  by  Gerlach  and  Schiiffner ;  nor  are  they 
destroyed  there,  as  stated  by  KoUiker  and  Ecker. 

The  development  of  the  pulp  tissue  is  next  examined.     At  an 
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early  period  tliis  closely  corresponds  with  the  structure  of  the  supra- 
renal and  thyroid  glands  at  the  earliest  stages  of  their  evolution, 
consisting  of  nuclei,  nucleated  vesicles,  and  a  fine  granular  jilasma, 
the  former  forming  a  very  considerable  portion  of  its  structure. 
When  the  splenic  vessels  are  formed,  many  of  these  nuclei  are  sur- 
rounded by  a  quantity  of  fine  dark  granules  arranged  in  a  circular 
form,  and  these  increase  up  to  the  time  when  the  splenic  vein  is 
formed,  when  nearly  the  whole  mass  is  composed  of  nucleated  vesi- 
cles, the  nuclei  of  wliich  gradually  break  up  into  a  mass  of  granules 
which  fill  the  cavities  of  the  vesicles.  The  Malpighian  vesicles  are 
developed  in  the  pulj)  by  the  aggregation  of  nuclei  into  circular 
masses,  around  which  a  fine  membrane  soon  appears,  in  a  manner 
precisely  similar  to  those  of  the  sujjrarenal  and  thyroid  glands,  with 
whicli  they  bear  the  closest  analogy. 

The  author  then  traces  out  the  development  of  the  supra-renal 
glands,  and  shows  the  close  analogy  that  exists  between  them,  the 
spleen,  and  tliyroid,  from  the  similarity  which  their  structure  pre- 
sents at  the  earliest  period  of  their  evolution  with  those  glands,  and 
from  the  development  of  the  several  tissues  following  the  same 
stages  in  all. 

'I'hey  are  shown  to  aiise  on  the  7th  day  as  two  separate  masses 
of  blastema,  situated  between  the  upper  end  of  the  Woolfian  bodies 
and  the  sides  of  the  aorta,  being  totally  independent  (as  concerns 
their  development)  of  those  bodies,  or  of  each  other.  At  this  period 
their  minute  structure  bears  a  close  resemblance  to  that  of  the 
spleen,  consisting  of  the  same  elements  as  that  gland,  excepting  in 
the  existence  of  more  numerous  dark  granules,  which  give  to  the 
organ  at  a  later  period  an  opake  and  darkly  granular  texture.  The 
gland  tissue  of  the  organ,  in  the  form  of  large  vesicles,  makes  its 
appearance  on  the  8th  day,  whereas  in  the  spleen  it  did  not  exist 
until  near  to  the  close  of  incubation,  an  interesting  fact  in  con- 
nection with  the  function  of  the  former  gland,  which  is  mainly 
exercised  during  foetal  life,  whilst  the  spleen  exerts  its  function 
mainly  in  adult  life ;  hence  the  difference  in  the  development  of  the 
tissues  at  different  periods.  The  manner  in  which  this  tissue  is 
developed  is  similar  to  that  by  which  the  gland  tissue  of  the 
spleen  was  formed,  viz.  by  an  aggregation  of  nuclei  into  circular 
masses,  around  which  a  limitary  membrane  ultimately  forms  :  these 
ai'e  first  grouped  together  in  a  mass,  without  any  subdivision  into 
cortical  and  medullary  portions.  On  the  14th  day  the  first  trace  of 
this  subdivision  becomes  manifest,  by  the  vesicles  being  aggregated 
into  masses  which  radiate  from  the  circumference  towards  the  centre 
of  the  gland,  in  some  cases  complete  tubes  being  formed  by  the 
junction  of  the  vesicles,  as  indicated  by  hemispherical  bulgings  along 
their  walls.  At  a  later  period  the  organs  increase  in  size,  they 
attain  their  usual  position,  and  a  more  complete  subdivision  into 
cortical  and  medullary  portions  is  new  observed. 

The  author  lastly  traces  out  the  development  of  the  thyroid 
glands,  and  shows  the  great  similarity  that  exists  between  them,  the 
spleen  and  supra-renal  glands,  from  the  similar  structure  they  pre- 
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sent,  and  from  the  development  of  those  structures  occurring  in  a 
similar  manner  in  each. 

These  glands  are  developed  between  the  6th  and  7th  days  as  two 
separate  masses  of  blastema,  one  at  each  side  of  the  root  of  the  neck, 
close  to  the  separation  of  the  carotid  and  subclavian  vessels,  and  be- 
tween the  trachea  and  the  branchial  clefts,  but  quite  independent,  as 
far  as  regards  their  development,  of  either  of  those  parts.  Their 
minute  structure  at  an  early  period  closely  corresponds  with  that  of 
the  spleen  and  supra-renal  glands.  Later,  when  the  gland  tissue  of 
which  the  thyroid  gland  ultimately  consists  is  formed,  it  is  developed 
in  a  manner  precisely  similar  to  the  same  tissues  of  the  spleen  and 
supra-renal  glands,  a  fact  which  shows  the  analogy  they  bear  to  one 
another. 

From  these  obserA'ations  the  author  concludes  that  a  close  analogy 
exists  between  the  glands  already  described,  so  that  the  propriety  of 
their  classification  under  one  group,  as  the  "  Ductless  Glands,"  may 
be  considered  clearly  proved.  And  although  the  spleen  by  many- 
has  been  excluded  from  them,  the  author  considers  that  its  classifica- 
tion with  them  is  correct,  for  the  following  reasons  : — 1st.  From  its 
evolution  being  similar  with  that  of  the  supra-renal  and  thvroid 
gland;  2nd.  from  its  structure,  which  at  an  early  j^eriod  closely 
corresponds  with  them;  and  -Srdly,  from  the  development  of  its 
tissues  following  the  same  law  as  that  upon  which  the  tissues  of  the 
allied  glands  are  formed. 

Jan.  29. — The  reading  of  Dr.  Handfield  Jones'  paper,  "  On  the 
Structure  of  the  Liver,"  was  resumed  and  concluded. 

Dr.  Leidy  and  Professor  Retzius,  with  MuUer,  Weber  and 
Khronenberg,  maintain  the  existence  of  plexuses  of  ducts  in  the 
parenchyma  of  the  liver  containing  the  cells  in  their  tubes.  Some 
other  anatomists,  especially  Gerlach,  believe  the  ducts  to  be  pro- 
longed into  the  lobules  of  the  parenchyma,  under  the  form  of  mere 
intercellular  passages  without  walls. 

Injections  of  acetate  of  lead  in  saturated  solution,  thro\rn  into  the 
ductus  communis  choledochus,  produce  appearances  which  seem  to 
confirm  the  latter  view.  The  author,  however,  believes  them  to  be 
fallacious,  and  that  the  ducts  really  terminate,  as  he  has  described  them 
in  his  former  paper,  by  closed  extremities,  either  rounded  and  even,  or 
somewhat  in-egular.  Further  details  are  given  of  the  condition  of 
the  ultimate  and  penultimate  ducts  in  the  several  vertebrate  classes. 

In  the  class  of  Fishes,  the  minute  ducts  most  commonly  appear  as 
solid  cylinders  of  soft  granulous  substance,  in  which  scarce  anything 
but  some  oily  molecules  are  to  be  discerned ;  but  not  very  unfre- 
quently  two  other  conditions  are  observed,  which  seem  to  illustrate 
very  well  the  active  character  of  the  function  of  the  duct.  In  the 
first  the  granulous  matter  exists  in  much  smaller  quantity,  and  the 
nuclei  imbedded  in  it  are  consequently  seen  much  more  distinctly ; 
their  presence  is  thus  unequivocally  determined ;  it  is  shown  that 
there  is  no  real  difference  between  the  ducts  of  the  fish's  and  those 
of  the  mammalian  liver,  only  that  the  granulous  matter  is  usually 
accumulated  in  the  former  more  abundantly  than  in  the  latter.    The 
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presence  of  tree  nuclei  in  granulous  matter  indicates  an  active  change 
to  be  proceeding  in  the  part.  In  the  second  condition  sometimes 
observed  the  granulous  matter  lies  imbedded  in  it,  a  varying  number 
of  pellucid  vesicles  of  great  delicacy,  but  quite  distinct ;  these  testify 
that  a  process  of  active  growth  takes  place  in  the  minute  ducts,  and 
show,  the  author  thinks  conclusively,  that  these  minute  ducts  are 
not  mere  efferent  canals. 

Sugar  was  detected  on  two  or  three  occasions  in  the  livers  of 
fishes ;   it  seems  to  be  absent  when  the  organ  is  extremely  fatty. 

In  the  minute  hejjatic  ducts  of  rej)tiles,  the  condition  of  the  epi- 
thelium is  very  similar  to  that  in  tishes ;  the  nuclei  sometimes  ap- 
pearing with  great  distinctness,  sometimes  being  obscured  by  much 
granulous  matter,  sometimes  developing  themselves  into  pellucid 
vesicles.  The  livers  of  frogs  and  toads  almost  constantly  contain 
dark  yellow  masses  which  were  formerly  regarded  by  the  author 
as  biliary  concretions,  but  are  now  considered  to  be  only  pig- 
mentary deposits ;  they  coexist  sometimes  with  much  diffused  black 
matter. 

The  ultimate  ducts  have  been  traced  recently  very  satisfactorily 
in  Birds,  Mammalia  and  Man,  and  the  description  given  of  them  in 
the  paper  accords  with  the  author's  former  account. 

The  develojoment  of  the  liver  and  its  apparatus  of  ducts  has  been 
traced  out  in  fishes  and  reptiles,  and  the  following  results  obtained 
in  both  classes. 

(I.)  The  liver  (/.  e,  the  parenchyma  of  the  organ)  is  formed  as  an 
independent  mass,  and  does  not  proceed  as  an  effect  from  the  in- 
testine. 

(2.)  The  gall-bladder  is  developed  separately  as  a  transparent 
vesicle,  containing  a  clear  fluid. 

(3.)  The  gall-bladder  elongates  itself  at  one  end,  tends  towards 
the  intestine,  and  at  last  o])ens  into  it,  while  from  one  part  of  its 
extent  hepatic  ducts  are  developed ;  in  the  Frog  the  hepatic  ducts 
seem,  however,  to  be  formed  at  the  same  time  as  the  gall-bladder, 
and  to  be  developed  pai'i  passu  along  with  it.  The  cystic  duct  is 
lined  by  ciliaiy  epithelium  which  plays  very  actively. 

The  examination  of  the  process  of  development  in  the  chick  has 
confirmed,  so  far  as  it  was  carried,  the  account  given  in  the  former 
paper. 

In  Mammalia  the  subject  of  inquiry  has  been  chiefly  the  follow- 
ing, viz.  to  ascertain  how  far  there  was  evidence  that  the  secretion 
of  bile  actually  is  effected  in  and  by  the  hepatic  cell,  or  whether  its 
presence  in  them  is  accidental,  and  the  bile  is  really  and  necessarily 
secreted  by  the  ultimate  ducts. 

It  is  remarked  that  the  existence  of  a  portal  vein  conveying  blood 
from  the  intestinal  surface  is  coeval,  not  with  the  formation  of  a 
bile-secreting  structure  (for  many  animals  have  organs  which 
secrete  abundance  of  biliary  matter  without  any  portal  vein),  but 
with  the  addition  of  a  parenchymatous  mass  to  the  biliary  organ,  to 
which  mass  exclusively  the  portal  vein  is  distributed.  It  is  known 
that  the  parenchyma  of  the  liver  during,  and  for  many  hours  after. 
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digestion  of  food,  forms,  from  the  blood  supplied  to  it,  abundance  of 
sugar,  which  thus  appears  to  be  its  proper  secretion ;  and  it  is  not 
proved  that  the  hepatic  cells  in  a  healthy  state  contain  biliary  matter, 
though  they  often  do  in  various  morbid  conditions.  Extracts  of  the 
hepatic  parenchyma  tested  for  bile  by  Pettenkoffer's  method,  give 
only  very  imperfect  and  doubtful  traces  of  the  presence  of  biliary 
matter,  and  on  the  other  hand  the  sugar  formed  by  the  parenchyma, 
which  is  found  so  abundantly  in  the  blood  of  the  hepatic  vein,  is 
absent  from  the  bile.  The  case  of  fatt}'  liver,  as  occurring  either 
pathologically  or  normally,  seems  also  to  require  an  explanation 
consonant  \\\\h.  the  view  to  which  the  above  facts  point,  for  other- 
wise it  seems  impossible  to  understand  how  perfectly  formed  dark- 
green  bile  could  be  contained  in  the  efferent  channels  of  a  gland 
whose  tissue  is  a  mass  of  oil. 

The  structural  condition  of  the  ultimate  biliary  ducts  is  compared 
to  that  of  the  epithelium  of  the  thyroidal  cavities,  and  the  nucleated 
granular  tissue  surrounding  the  lacteal  in  a  villus  ;  and  it  is  sho^^^l 
to  be  probable  that  the  terminal  portions  of  the  ducts, — so  far  as  they 
possess  the  peculiar  characteristic  structure,  exert  an  active  elabo- 
rating energy,  by  means  of  which  bile  is  formed  or  generated  out  of 
oily,  albuminous  or  saccharine  material  which  surrounds, — may  be 
said  to  bathe  them. 

Feb,  5. — The  following  papers  were  read: — 

1.  "Discovery  that  the  veins  of  the  Bat's  wing,  which  are  fur- 
nished with  valves,  are  endowed  with  rythmical  contractility,  and 
that  the  onward  flow  of  blood  is  accelerated  at  each  conti'action." 
By  T.  Wharton  Jones,  F.R.S.,  Fullerian  Professor  of  Physiology 
in  the  Royal  Institution  of  Great  Britain,  &c. 

The  author  finds  that  the  veins  of  the  bat's  wing  contract  and 
dilate  rythmically,  and  that  they  are  provided  with  valves ;  some  of 
which  completely  oppose  regurgitation  of  blood,  others  only  jiar- 
tially.  The  act  of  contraction  of  the  vein  is  manifested  by  pro- 
gressive constriction  of  its  calibre  and  increasing  thickness  of  its 
wall ;  the  relaxation  of  the  vessel,  by  a  return  to  the  former  width 
of  calibre  and  thickness  of  wall.  The  rythmical  contractions  and 
dilatations  of  the  veins  are  continually  going  on,  and  that,  on  an 
average,  at  the  rate  of  ten  contractions  in  the  minute.  The  con- 
tractions centrad  and  distad  of  a  valve  appear  to  be  simultaneous,  as 
also  the  dilatations. 

During  contraction,  the  flow  of  blood  in  the  vein  is  accelerated, 
and  on  the  cessation  of  the  contraction,  the  flow  is  checked,  with  a 
tendency  to  regurgitation,  which  brings  the  valves  into  play.  But 
this  check  to  the  onward  flow  of  the  blood  is  usually  only  momen- 
tary ;  already,  even  while  the  vein  is  in  the  act  of  again  becoming  di- 
lated, the  onward  flow  recommences  and  goes  on,  though  v,-ith  com- 
parative slowness,  until  the  vein  contracts  again.  It  is  the  heart's 
action  which  maintains  the  onward  flow  of  blood  during  the  dilata- 
tion of  the  vein,  whilst  it  is  the  contraction  of  the  vein,  coming  in 
aid  of  the  heart's  action,  which  causes  the  acceleration. 

The  valves  are  composed  sometimes  of  but  a  single  flap,  some- 
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times  of  two.  In  the  situation  of  a  valve  and  centrad  of  the  inser- 
tion of  its  flaps,  the  veins  present  the  usual  dilatations  or  sinuses. 
The  valves  are  a  reduplication  of  the  clear  innermost  coat  of  the 
vein,  with  sometimes  an  intervening  layer  of  cellular  tissue. 

Tlie  veins  closely  accompany  the  arteries,  the  nerve  only  inter- 
vening;. 

The  contractility  of  the  arteries  the  author  finds  altogether  differ- 
ent from  that  of  the  veins,  heing  tonic,  not  i-ythmical.  He  has  not 
been  able  to  observe  unequivocal  evidences  of  tonic  contractility  of 
the  veins,  which  they  have  been  alleged  to  possess. 

In  figure  3,  of  drawing  No,  1,  illustrating  his  paper,  the  author 
represents,  in  reference  to  this  point,  an  artery  and  a  vein,  as  ob- 
served immediately  after  pressure  had  been  applied  over  them.  The 
artery  is  seen  constricted  at  intervals  both  above  and  below  the  place 
of  pressure.  The  vein  is  not  so  constricted,  but  at  the  place  where 
the  pressure  was  applied  there  is  seen  a  greyish  granular  deposit 
of  lymph  within  the  vessel,  giving  rise  to  an  appearance  of  constric- 
tion by  narrowing  the  stream  of  blood.  On  watching  a  vein  in  this 
state,  the  author  has  observed  portions  of  the  lymphy  deposit  car- 
ried away  by  the  stream  of  blood,  with  corresponding  enlargement 
of  the  channel. 

The  author  further  finds  that  nowhere  do  the  arteries  and  veins 
of  the  web  of  the  bat's  wing  directly  communicate,  as  has  also  been 
alleged ;  the  only  communication  being  the  usual  one  through  the 
medium  of  capillaries. 

In  an  appendix  to  this  paper,  the  author  describes  the  result  of 
his  microscopical  examination  of  the  structure  of  the  veins  and  arte- 
ries. Both  artery  and  vein  have  a  middle  coat  of  circularly  disposed 
muscular  fibres  ;  but  the  appearance  of  the  fibres  is  different  in  the 
two  vessels.  The  fibres  of  the  vein  are  -j^'g^dth  in.  broad,  pale, 
greyish,  semitransparent  and  granular  looking.  In  general  aspect, 
they  very  much  resemble  the  muscular  fibres  of  the  lymphatic  hearts 
of  the  frog;  but  in  none  did  the  author  detect  an  unequivocal  ap- 
pearance of  transverse  marking.  The  fibres  of  the  middle  coat  of 
the  artery  are  not  so  pale  looking,  are  clearer,  and  exhibit  a  more 
stronglj'  marked  contour. 

2.  "  Some  Observations  on  the  Ova  of  the  Salmonidse."  By  John 
Davy,  M.D.,  F.R.S.  Lond.  and  Ed.,  Inspector-General  of  Army 
Hospitals,  &c. 

The  author  prefaces  his  observations  h\  a  quotation  from  the 
work  of  M.  Vogt  on  the  Embrj'ology  of  the  Salmonida?,  in  which 
a  remarkable  property  of  the  vitellus  is  described,  viz,  its  coagula- 
tion by  admixture  with  water. 

This  inquirer's  experiments  were  made  chiefly  on  the  ova  of  the 
Palte  (Corec/onvs  Palcea,  Cuv.) ;  the  author's  mostly  on  the  ova  of 
the  Charr  (Salmo  Umbla).  After  giving  a  description  of  the  mature 
eggs  of  this  fish,  he  details  the  trials  instituted  by  him  : — 1st,  on  the 
action  of  water,  showing  its  coagulating  effect,  except  when  added 
in  verj'  minute  quantity.  2ndly,  on  the  action  of  heat  ;  how  that  a 
dry  heat,  even  so  high  as  that  of  212°  Fahr.,  occasions  the  contrac- 


Royal  Society.  385 

tion  of  the  vitellus  from  evaporation,  but  not  its  coagulation,  an 
effect  even  not  produced  by  steam  of  the  same  temperature,  but 
which  is  occasioned  by  boiling  in  water,  owing,  it  is  inferred,  to  an 
admixture  of  water.  3rdly,  on  the  action  of  alkalies  and  salts  ;  how 
these,  such  as  potassa,  ammonia  and  their  sesquicarbonates  in  solu- 
tion, nitre,  acetate  of  lead,  common  salt  and  others,  when  of 
moderate  strength,  not  only  do  not  coagulate  the  vitellus,  but  have 
the  property  of  dissolving  a  certain  portion  of  coagulum,  and  coagu- 
late it  onlj'  when  very  much  diluted.  4thly,  on  the  action  of  acids 
and  some  other  agents ;  how  the  vegetable  acids  tried,  as  the  tar- 
taric, oxalic,  acetic,  whether  strong  or  dilute,  do  not  coagulate  the 
vitelline  fluid,  but  dissolve  its  coagulum ;  how  the  strong  sulphuric 
and  muriatic  acids  inspissate  it,  the  weak  coagulating  it ;  and  fur- 
ther, how  it  is  coagulated  by  the  nitric  acid,  by  corrosive  sublimate 
and  by  alcohol,  but  not  by  iodine. 

The  inference  from  the  experiments  drawn  by  the  author  is,  that 
the  vitellus  of  the  Charr  and  of  the  eggs  of  the  other  Salmonidse  is 
distinct  in  its  properties,  both  from  the  albumen  and  yolk  of  the  eggs 
of  birds.  He  conjectures  from  analogy  that  the  ova  of  other  species 
of  osseous  fishes  will  be  found  to  be  similar;  but  not  so  those  of  the 
cartilaginous  fishes.  According  to  the  observations  he  has  made,  the 
yolk  of  the  eggs  of  fishes  of  this  order,  whether  they  ])ossess  a  \\'hite, 
as  in  the  instance  of  the  oviparous;  or  are  destitute  of  a  white,  as  in 
that  of  the  viviparous,  resembles  in  its  general  character  that  of  the 
eg^  of  birds :  but  he  doubts  that  the  white  of  the  former  will  be 
found  analogous  to  that  of  the  albumen  ovi  of  birds,  at  least  in  its 
chemical  qualities ;  having  in  one  instance,-  that  of  the  egg  of  the 
Squalus  Catidus,  found  it  to  be,  whilst  transparent  and  viscid,  neither 
coagulated  by  heat  nor  by  nitric  acid. 

In  conclusion,  he  suggests  that  the  coagulation  of  the  ova  of  the 
SalmonidcS  may  have  its  use,  inasmuch  as  the  opaque  white  ova  are 
more  conspicuous  than  the  transparent, — the  dead  than  the  living, — 
and  in  consequence,  the  one  may  serve  as  lures  and  divert  from  the 
others  the  many  enemies  to  whom  they  are  attractive  food. 

Feb.  12. — The  following  communications  were  read: — 

1,  The  subjoined  Letter  from  Professor  Haidinger  to  Captaiii 
Smyth,  R.N.,  For,  Sec.  R.S.,  dated  Vienna,  January   15,  1852. 

Sir, — The  great  success  with  which  optical  researches  are  treated 
of  in  the  publications  of  the  Royal  Society,  must  make  me  anxious 
to  lay  before  the  Society,  in  a  few  words,  a  concise  and  convincing 
demonstration  of  the  theorem  that  in  a  ray  of  polarized  light  the 
vibrations  are  perpendicular  to  the  plane  of  polarization,  conform- 
ably to  the  views  of  MM.  Fresnel  and  Cauchy,  and  not  in  the  plane 
of  polarization,  as  some  other  mathematicians  have  maintained. 

My  demonstration  is  founded  on  the  nature  of  dichroitic  crystals, 
as  tourmaline,  sapphire,  idocrase,  &c.  Any  perfectly  homogeneous 
crystal  of  this  description  presents  two  different  tints  of  colours. 
One  of  them  appears  in  the  direction  of  the  axis,  as  well  as  in  all 
directions  perpendicular  to  it,  and  it  is  always  polarized  in  a  plane 
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passing  through  the  axis  ;  the  other  tint  appears  in  everj'  azimuth  in 
the  directions  ])erpendicular  to  the  axis,  and  it  is  polarized  in  a  plane 
perpendicular  to  the  axis.  The  latter  of  these  colours  does  not 
appear  at  all,  if  the  crystal  is  examined  in  the  direction  of  the  axis ; 
if  it  depend  at  all  on  transverse  vibrations,  all  vibrations  of  this  kind, 
transverse  or  perpendicular  to  the  axis,  are  at  once  excluded,  and  the 
only  vibrations  that  can  possibly  belong  to  the  colour  of  the  extra- 
ordinary ray  produced  in  the  crystal,  are  those  parallel  to  the  direc- 
tion of  the  axis.  But  agreeably  to  observation  the  plane  of  polariza- 
tion is  itself  perpendicular  to  the  axis,  the  vibrations  therefore  take 
place  in  directions  pei-pendicular  to  the  plane  of  jwlurization. 

Trichroitic  crystals  of  course  will  yield  a  similar  demonstration, 
as  cordierite,  andalusite,  diaspore,  axinite,  and  others. 

I  shall  not  fail  to  send  a  copy  of  the  communication  I  am  to  pre- 
sent today  to  the  Vienna  Academy,  as  soon  as  it  shall  have  been 
printed. 

The  importance  of  the  subject  will,  I  am  confident,  plead  as  an 
apology  for  my  trespassing  on  your  kindness  in  thus  making  the 
request,  that  you  will  lay  the  present  communication  before  the 
Royal  Society. 

I  have  the  honour  to  be, 
My  dear  Sir, 

Your  obedient  Servant, 

W.  Haidingek. 

2.  A  Letter  to  Sir  John  W.  Lubbock,  Bart.,  F.R.S.  &c.,  "  On 
the  Stability  of  the  Earth's  Axis  of  Rotation."  By  Henry  Hennessy, 
Esq.,  M.R.LA.  &c.     Communicated  by  Sir  John  Lubbock. 

The  author  refers  to  a  communication  to  the  Geological  Society 
by  Sir  John  Lubbock,  in  which  he  appeals,  in  support  of  the  possi- 
bility of  a  change  in  the  earth's  axis,  to  the  influence  of  two  disturb- 
ing causes,  which  appear  to  have  almost  entirely  escaped  the  notice 
of  Laplace  and  Poisson  in  their  investigations  on  the  stability  of  the 
earth's  axis  of  rotation : — 1 .  The  necessary  displacement  of  the  earth's 
interior  strata  arising  from  chemical  and  physical  actions  during  the 
process  of  solidification.  2.  The  friction  of  the  resisting  medium 
in  which  the  earth  is  supposed  to  move. 

With  reference  to  the  first  of  these  disturbing  causes,  the  author 
states,  that  in  his  Researches  in  Terrestrial  Physics  (Philosophical 
Transactions,  1851,  Part  2.),  he  has  been  led  to  conclusions  which 
may  assist  in  clearing  up  the  question.  From  an  inquiry  into  the 
process  of  the  earth's  solidification  which  appears  to  him  most  in 
accordance  with  mechanical  and  physical  laws,  he  has  deduced  re- 
sults respecting  the  earth's  structure  which  throw  some  light  on 
the  changes  which  may  take  place  in  the  relation  between  its  prin- 
cipal moments  of  inertia,  which  relation  is  capable  of  being  expressed 
by  means  of  a  function  which  depends  on  the  arrangement  of  the 
earth's  interior  strata. 

He  then  states  that  he  has  found  strong  confirmation  of  his  pe- 
culiar views  respecting  the  theory  of  the  earth's  figure,  in  the  expe- 
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riments  of  Professor  Bischof  of  Bonn,  on  the  contraction  of  granite 
and  other  rocks  in  passing  from  the  fluid  to  the  soUd  crystaUine 
state.  From  the  results  of  these  experiments,  he  has  been  led  to 
assign  a  new  form  to  the  function  expressing  the  relation  of  the 
earth's  principal  moments  of  inertia.  Referring  to  his  paper  for  the 
mathematical  processes  bj-  which  he  arrived  at  this  result,  he  states 
that,  from  the  theory  he  has  ventured  to  adopt,  it  follows  that,  as 
solidification  advances,  the  strata  of  equal  pressure  in  the  fluid 
spheroidal  nucleus  of  the  earth  acquire  increased  elHpticity,  and 
each  stratum  of  equal  density  successively  added  to  the  inner  surface 
of  the  soUd  crust  is  more  oblate  than  the  solid  strata  previously 
formed. 

From  these  considerations  alone,  he  remarks,  it  is  evident  that 
the  difterence  between  the  greatest  and  least  moment  of  inertia  of 
the  earth  would  progressively  increase  during  the  process  of  solidifi- 
cation. It  follows,  therefore,  that  if  the  earth's  axis  of  rotation 
were  at  any  time  stable,  it  would  continue  so  for  ever.  But  from 
the  laws  of  fluid  equilibrium  the  axis  must  have  been  stable  at  the 
epoch  of  the  first  formation  of  the  earth's  crust ;  consequently  it 
continued  undisturbed  as  the  thickness  of  the  crust  increased  during 
the  several  geological  formations.  Thus  it  appears  that  the  displace- 
ment of  the  earth's  interior  strata,  instead  of  having  a  tendency  to 
change  its  axis  of  rotation,  tends  to  increase  the  stability  of  that 
axis. 

With  reference  to  inequalities  arising  from  the  friction  of  a  resist- 
ing medium  at  the  earth's  surface,  the  author  observes  that  they 
could  not  exist,  if,  as  in  the  manner  here  shown,  the  axis  of  rota- 
tion coincided  from  the  origin  with  the  axis  of  figure. 

In  conclusion,  he  remarks,  that  if  we  could  assume  for  the  planets 
a  similarity  of  physical  constitution  to  that  of  the  earth,  the  theorem 
as  to  the  difl^erence  of  the  greatest  and  least  moments  of  inertia  of 
the  earth  would  be  applicable  to  all  the  planets  ;  and  thus  we  should 
be  as  well  assured  of  the  stability  of  our  system,  with  respect  to  the 
motion  of  rotation  of  its  several  members,  as  we  are  already  respect- 
ing their  motion  of  translation. 

In  a  postscript,  referring  to  a  third  cause  of  disturbance  in  the  place 
of  the  earth's  axis  of  rotation,  suggested  in  a  letter  from  Sir  John 
Lubbock,  namely,  the  effects  of  local  elevation  and  depressions  at 
the  earth's  surface,  the  author  states ;  if,  with  Humboldt,  we  re- 
gard the  numbers  expressing  the  mean  heights  of  the  several  conti- 
nents as  indicators  of  the  plutonic  forces  by  which  they  have  been 
upheaved,  we  shall  readily  see  that  these  forces  are  of  an  inferior 
order  to  those  affecting  the  general  forms  and  structure  of  the  earth. 
If  the  second  class  of  forces  acted  so  as  not  to  influence  in  any  way 
the  stabUity  of  the  earth's  axis  of  rotation,  the  former  class  might, 
under  certain  conditions,  produce  a  sensible  change  in  the  position 
of  the  axis.  But  when  the  tendency  of  the  second  class  of  forces  is 
to  increase  the  stability  of  the  earth's  axis,  it  would  not  be  easy  to 
show  the  possibihty  of  such  conditions  as  to  render  the  operation  of 
the  other  forces,  not  only  eftective  in  counteracting  that  tendency, 
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but  also  capable  of  producing  a  sensible  change  in  the  place  of  the 
axis  of  rotation. 

Feb.  19. — The  reading  of  Mr.  Sharpe's  paper,  "  On  the  Arrange- 
ment of  the  Foliation  and  Cleavage  of  the  Rocks  of  the  North  of 
Scotland,"  commenced  at  the  last  meeting,  was  resumed  and  con- 
cluded. 

The  author  applies  the  term,  cleavage  or  lamination,  to  the  divi- 
sional planes  by  which  stratified  rocks  arc  split  into  parallel  sheets, 
independentl3'^of  the  stratification; /o/irt//ort,  to  the  division  oi  crystal- 
line rocks  into  layers  of  dliferent  mineral  substances  ;  slate,  to  strati- 
fied rocks  intersected  by  cleavage  ;  and  schist,  to  foliated  rocks  only 
which  exhibit  no  bedding  independent  of  the  foliation. 

He  considers  that  no  distinct  line  can  be  drawn  between  gneiss 
and  mica  schist,  chlorite  schist,  &c.,  which  pass  from  one  into  the 
other  by  insensible  gradations;  have  the  same  geological  relations, 
and  foliation  subject  to  the  same  laws.  He  states  that  their  boundaries 
have  been  laid  down  arbitrarily  on  the  published  maps  of  Scotland. 
The  quartz  rock  of  Macculloch  includes  two  formations;  the  one, 
a  quartzose  variety  of  gneiss,  included  in  this  paper  under  that  head; 
the  other,  a  stratified  sandstone  altered  by  plutonic  action. 

The  author  treats  the  foliation  of  gneiss  and  schist  as  a  series  of 
simple  curves,  obtained  by  observing  the  general  direction,  and  dis- 
regarding the  minor  and  more  complicated  folds.  The  convolutions 
are  usually  greatest  where  the  dip  is  slightest,  but  where  the  folia- 
tion is  vertical  or  nearly  so,  it  usually  follows  true  planes  Avithout 
contortion  ;  thus  the  most  correct  observations  are  those  taken  where 
the  foliation  is  vertical. 

When  the  foliation  of  gneiss  and  schist  is  traced  over  extensive 
areas,  and  the  minor  convolutions  disregarded,  it  is  usually  found 
to  form  arches  of  great  length  and  many  miles  in  diameter,  bounded 
by  vertical  planes,  between  which  the  inclination  increases  with  the 
distance  from  the  axis.  Each  arch  is  succeeded  by  a  narrow  space 
in  which  the  dip  is  irregular,  and  beyond  which  another  arch  com- 
mences of  a  form  similar  to  the  first.  Portions  of  two  adjoining 
arches  seen  without  the  rest  form  the  fan-like  structure  observed  by 
several  geologists.  The  arrangement  of  the  foliation  in  arches  cor- 
responds with  that  of  the  cleavage  of  the  true  slates  previously  de- 
scribed by  the  author,  except  in  the  greater  convolution  of  the  gneiss 
and  schist. 

Along  the  southern  border  of  the  Highlands  a  band  of  stratified 
clay  slate  rests  on  mica  schist :  at  the  junction,  the  foliation  of  the 
schist  conforms  to  the  cleavage  of  the  slate,  and  the  two  together 
form  an  arch,  but  there  is  no  connection  between  the  stratification 
of  the  slate  and  the  foliation ;  moreover,  the  divisional  planes  cross 
from  one  rock  to  the  other,  without  change  of  direction,  being  planes 
of  foliation  in  the  mica  schist,  and  of  cleavage  in  the  slate  :  these 
facts  confirm  Mr.  Darwin's  opinion,  that  cleavage  and  foliation  are 
due  to  the  same  cause. 

The  author  describes  the  parallel  arches  of  foliation  which  cross 
the  Highlands,  illustrating  his  description  by  sections  and  a  map 
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on  which  they  are  laid  down,  and  tracing  in  detail  the  vertical 
planes  which  bound  the  arches.  Commencing  on  the  south,  the 
first  vertical  plane  runs  about  four  miles  within  the  Highland  border, 
with  a  mean  direction  of  about  N.  55"^  E. :  it  crosses  more  than 
once  the  junction  of  the  clay  slate  and  mica  schist.  South  of  this 
plane  the  cleavage  of  the  slate  forms  the  beginning  of  an  arch, 
which  ends  abruptly  at  the  junction  of  the  slate  with  the  Old  lied 
Sandstone. 

To  the  north  of  this  vertical  plane  four  arches  run  across  the  High- 
lands :  the  most  southern  of  these,  with  a  diameter  of  ten  or  twelve 
miles,  is  formed  partly  of  the  cleavage  of  the  slate,  and  partly  of  the 
foliation  of  the  mica  schist.  The  hills  on  the  south  side  of  Loch 
Tay  coincide  with  its  central  axis.  The  vertical  plane  which  forms 
its  northern  boundary  crosses  Ben  LaAvers,  and  has  a  mean  direction 
of  N.  50°  E.  The  next  arch  northward,  consisting  principally  of 
gneiss,  has  a  diameter  varying  from  twenty-five  to  thirty  miles ;  its 
axis  runs  for  some  distance  along  the  central  ridge  of  the  Grampians. 
The  granite  of  Cruachan  and  Ben  Mulch  Dhui  interfere  with  the 
regularity  of  the  foliation  of  this  district,  and  the  lines  are  thrown 
to  the  north  by  the  granite  of  Aberdeenshire  :  the  line  which  bounds 
this  arch  on  the  north  crosses  the  Spey  near  Laggan,  and  runs 
N.  40°  E.  through  Corbine  into  the  Monagh  Leagh  mountains.  To 
the  north  of  that  line,  the  foliation  of  the  gneiss  forms  an  arch  only 
ten  miles  wide,  bounded  on  the  north  by  a  vertical  plane  running 
N.  35°  E.  which  crosses  Coryaraick.  This  plane  forms  the  southern 
boundary  of  an  arch,  varying  from  fifteen  to  twenty-five  miles  wide, 
entirely  of  gneiss,  bounded  on  the  north  by  a  band  of  vertical  folia- 
tion which  runs  about  N.  30°  E.  from  Glen  Finnan  through  the 
middle  of  Rosshii-e  and  across  ]i&\\  Nevis.  To  the  north-west  of 
this  band  there  is  half  an  arch  in  the  foliation,  varying  from  twenty 
to  thirt}'  miles  wide,  which  ends  abruptly  at  a  line  to  be  drawn  from 
Loch  Eribol  and  Loch  J.Iaree,  on  the  west  of  which  the  gneiss 
is  unconformable  to  that  hitherto  described,  but  agrees  with  that  of 
the  Island  of  the  Lewis,  forming  a  series  of  arches  which  run  about 
N.W. 

From  the  want  of  parallelism  in  the  lines  of  foliation  of  the  High- 
lands, they  would  all  nearly  converge  betv.'een  Lough  Foyle  and 
Lough  Swilly  among  the  mica  schists  of  the  North  of  Ireland. 

The  most  rugged  and  elevated  hills  are  usually  on  or  near  the 
lines  of  vertical  foliation  ;  the  axes  of  the  arches  are  generally  found 
in  high  land,  and  the  principal  valleys  occur  between  the  central 
axes  of  the  arches  and  their  vertical  boundaries.  Thus  the  main 
physical  features  of  the  Highlands  are  connected  with  the  foliation 
of  the  gneiss  and  schists  ;  but  the  granites  and  porphyries  which 
have  broken  through  those  rocks,  and  disturbed  the  regularity  of  the 
foliation,  have  also  greatly  modified  the  surface  of  the  country. 

The  contortions  of  gneiss  and  schists  being  unaccompanied  by 
fracture,  must,  the  author  considers,  have  been  produced  when  the 
matter  of  those  rocks  was  semi-fluid :  in  this  state  the  mineral  in- 
gredients appear  to  have  separated  and  re-arranged  themselves  in 
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layers  according  to  their  affinities,  while  the  whole  was  subjected  to 
pressure  acting  along  certain  axes  of  elevation,  which  raised  those 
layers  into  arches. 

Feb.  26. — The  following  paper  was  read  : — "  On  the  Motions  of  the 
Iris."  By  B.  E.  Brodhurst,  Esq.,  M.R.C.S.  Communicated  by  Thomas 
Bell,  Esq.,  Sec.  U.S. 

The  observations  made  in  this  paper  are  distributed  under  three 
heads.  First,  the  author  examines  the  iris  in  conjunction  with  the 
organic  system  of  nerves.  Secondly,  he  exposes  the  relation  of  the 
several  nerves  of  the  orbit  in  reference  to  the  iris.  And,  thirdly,  by 
tracing  the  membrane  through  the  lower  orders  of  animals,  he  shows 
the  influence  of  the  ophthalmic  ganglion  upon  the  iris,  and  the  ne- 
cessity of  its  presence  for  the  accomplishment  of  the  motions  of  the 
membrane,  i.  e.  contraction  and  dilatation  of  the  pupil. 

It  is  shown  that  the  pupil  is  most  contracted  during  healthy  sleep, 
and  especially  during  that  of  childhood ;  that  in  death  it  assumes  a 
median  state,  neither  contracted  nor  dilated  ;  and  that,  when  disease 
is  present,  the  pupil  is  always  dilated,  and  dilated  in  accordance 
Avith  the  effect  produced  upon  the  trisplanchnic  system  of  nerves. 
Also,  it  is  stated  that  the  pupil  is  dilated,  when  through  disease  the 
action  of  the  voluntary  muscles  is  abnormally  increased,  but  that  it 
is  contracted  when  the  functions  of  nutrition  are  well  and  actively 
performed  ;  and  that,  with  concussion  and  compression  of  the  brain, 
the  pupil  is  usually  dilated  when  the  power  of  the  voluntary  muscles 
yet  remains  ;  that  it  is  fixed  and  immoveable  when  total  insensibility 
exists ;  contracted  when  pressure  or  counter  pressure  is  made  upon 
the  corpora  quadrigemina  of  the  opposite  side,  and  dilated  when  the 
injurj^  is  more  general,  but  less  severe. 

The  author  refers  the  first  class  of  motions,  or  the  primary  mo- 
tions of  the  iris,  directly  to  the  sj'mpathetic  system  of  nerves ; 
whilst  the  direct  movements,  or  those  produced  by  the  sensation  of 
light,  are  effected  through  the  cerebral  nervous  arc,  as  shown  by 
Flourens,  Marshall  Hall,  and  others :  and  he  thinks  that  contrac- 
tion of  the  pupil,  when  a  near  object  is  presented  to  the  eye,  may 
be  explained  bj^  the  greater  stimulus  thus  afforded  to  the  retina  and 
the  sensorium  ;  for  he  finds  that  when  a  near  object  is  presented  to 
the  eye  with  a  faint  light,  but  a  more  distant  one  with  a  strong 
light,  the  pupil  is  most  contracted  for  the  more  distant  object. 
That  the  influence  of  the  retina  and  the  cerebral  uert'ous  arc  is 
secondary  in  producing  the  motion  of  the  iris,  and  that  this  mem- 
brane is  not  a  mere  diaphragm  for  the  admission  or  exclusion  of 
light,  but  that  it  yields  to  mental  impressions,  as  well  as  to  those 
which  operate  on  the  vegetative  system  of  neri'es,  in  ])reference  to 
the  effect  upon  the  retina,  is  shown  by  the  result  which  is  produced 
upon  the  iris  by  any  sudden  passion  in  causing  dilatation  of  the 
pupil,  notwithstanding  that  a  strong  light  be  at  the  same  time  thrown 
upon  the  retina.  Hippus,  and  the  motions  of  the  iris  which  are 
observed,  especially  in  amaurotic  children,  are  alluded  to  as  motions 
independent  of  the  light,  and  consequently,  of  the  retina  and  sen- 
sorium. 
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The  author  then  proceeds  to  state  the  effect  of  irritation  and  divi- 
sion of  the  several  nerves  of  the  orbit.  He  finds,  that,  on  irritating 
the  third  nerve  within  the  cranial  cavity,  slight  contraction  of  the 
pupil  ensues,  to  be  followed  by  dilatation.  On  dividing  the  third 
nerve,  the  pupd  becomes  dilated  beyond  its  median  extent. 

Irritation  of  the  optic  nei-%-e  within  the  cranium  produces  con- 
traction of  the  pupil.  Section  of  the  same  nerve  gives  rise  to  an 
insensible  retina  and  a  dilated  pupd. 

In-itation  of  the  fifth  nerve  excites  slight  motion  in  the  iris.  Divi- 
sion of  the  fifth  produces  temporary  contracrion  of  the  pupO..  In 
the  space  of  half  an  hour  this  effect  will  have  ceased,  and  the  pupil 
will  have  resumed  its  former  diameter. 

If  a  slight  galvanic  current  be  p'^ssed  along  the  sympathetic,  con- 
traction of  the  pupil  will  be  produced ;  but  let  the  sympathetic  be 
divided,  at  the  superior  cervical  ganglion  for  instance,  and  instantly 
the  pupil  shall  forcibly  contract,  and  again  widely  dilate. 

If  a  weak  galvanic  current  be  used,  and  the  poles  brought  into 
contact  with  the  sclerotica  at  its  junction  with  the  cornea,  contrac- 
tion of  the  pupil  to  two- thirds  of  its  actual  diameter  takes  place, 
and  this  effect  continues  so  long  as  the  current  continues  to  be 
formed  ;  but  on  breaking  connection,  the  pupil  immediately  resumes 
its  former  diameter.  So  soon  as  life  is  extinct,  galvanism  ceases  to 
affect  the  iris,  whether  applied  to  the  membrane  itself,  through  the 
external  coats,  or  though  the  poles  be  in  contact  with  the  retina ; 
but  if  applied  to  the  sympathetic,  movement  may  be  excited  in  the 
iris. 

The  optic  nerve  being  divided,  the  pupil"  is  dilated :  irritation  of 
the  third  nerve  then  produces  merely  a  slight  and  momentary  effect 
upon  the  iris ;  but  if  the  sympathetic  be  divided,  the  pupil  will  con- 
tract violently,  and  again  dilate  beyond  its  pre\aous  state  of  dilata- 
tion. 

The  sympathetic  being  divided,  irritation  of  the  cranial  nerves 
does  not  affect  the  iris;  but  though  the  cerebrum  and  corpora 
quadrigemina  be  removed,  division  of  the  sympathetic  wiU  still  ex- 
cite the  iris  to  motion.  And,  consequently,  the  author  infers  that 
the  basic  or  primary  motion  of  the  iris  is  derived  from  the  vis  motoria 
of  the  excito-motor  ganglionic  system  :  he  shows  also,  that  where 
the  ophthalmic  ganglion  is  wanting,  as  in  fishes  and  reptdes,  the  iris 
is  motionless.  Allusion  is,  lasth',  made  to  some  medicinal  agents, 
to  show  their  influence  upon  the  nervous  centres,  and  their  conse- 
quent effect  upon  the  iris  :  they  are  classed  as  follows  : — 
I.  True  depressors  and  pupil  dilators. 
II.  True  excitants  and  pupil  dilators. 

III.  Stimulants  which  become  depressors,  which  dilate  the  pupil. 

IV.  Excitors  of  voluntary  nerves  and  pupil  dilators. 

V.   Sedatives  which  terminate  as  depressors,  which  first  contract 
and  then  dilate  the  pupil. 
VI.  Excitants  which  become  sedatives,  which  first  dilate  and  then 
contract  the  pupil. 
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And  from  what  lias  gone  before,  it  is  concluded,  that  contraction 
of  the  pupil  is  the  active  state  of  the  iris,  and  that  dilatation  is  its 
enervated  condition ;  that  a  healthy  retina  and  cerebral  nervous 
arc  are  necessary  to  the  motions  of  the  iris,  and  the  ophthalmic 
ganglion  to  motion ;  and  that  the  jirimaiy  motion  of  the  iris  is  due 
to  organic  nervous  influence,  but  its  forced  or  animal  motion  to  the 
reflected  stimulus  of  light  upon  the  retina. 


LVII.  Intelligence  and  Miscellaneous  Articles. 

ON  THE  COMPOUND  AMMONIAS,  AND    THE   BODIES  OF  THE    CACO- 
DYLE  SERIES.    *BY  T.  S.  HUNT. 

^r^HE  beautiful  researches  of  Hofmann  and  Wurtz  have  shown  the 
-■-  existence  of  a  large  class  of  organic  alkaloids  closely  related  to 
ammonia.  As  regards  their  composition,  we  will  only  recall  that 
in  the  alkaloids  of  Wurtz,  the  elements  of  an  equivalent  of  ammonia 
are  united  with  those  of  a  carbo-hydrogen,  CH',  C'-H*,  C^H'",  or  what 
is  the  same  thing,  that  CH',  C'-H^  and  C'^H'^,  the  so-called  radicals 
methyle,  a?thyle  and  amyle,  may  be  regarded  as  replacing  an  atom 
of  hydrogen  in  ammonia.  Hence,  as  we  have  before  remarked  in 
speaking  of  them,  they  sustain  to  their  corresponding  alcohols  the 
same  relation  that  ammonia  does  to  water.  Water,  as  we  have  on 
more  than  one  occasion  shown,  is  not  only  the  analogue,  but  the 
strict  homologue  of  the  alcohols,  so  that  the  molecule  H-  is  the 
equivalent  (homologue)  of  C-H''  and  its  homologues,  and  H  of  eethyle, 
methyle  and  amyle.  The  class  of  bodies  under  consideration  pre- 
sents some  interesting  illustrations  of  this  relationship. 

Dr.  Hofmann  has  been  able  by  the  action  of  ammonia  upon  hydro- 
bromic  and  hydriodic  tcthers,  to  form  directly  the  corresponding  salts 
of  the  new  alkaloids  ;  and  these  alkaloids,  with  other  equivalents  of 
the  aethers,  have  yielded  him  compounds  in  which  two  and  three 
equivalents  of  hydrogen  are  replaced  by  the  same  or  by  different 
carbo •  hydrogens ;  so  that  representing  C-H^  by  Et,  the  final  result 
of  the  action  of  ammonia  is  N  Et^,  which  is  still  an  alkaloid.  Other 
carbo-hydrogens  not  homologous  with  rethyle  may  be  introduced^ 
and  Hofmann  has  obtained  alkaloids  containing  one  and  two  equiva- 
lents of  phenyle  CH^  with  one  or  more  of  eethylc. 

Although  ammonia  and  its  derived  alkaloids  form  with  acids  salts 
analogous  to  those  of  the  inorganic  bases,  they  must  be  distinguished 
from  oxides  like  Zn'-O,  inasmuch  as  they  unite  directly  with  HCI 
and  NHO^,  while  the  oxides  yield  salts  onlj'  by  the  elimination  of 
water  ;  in  chloride  of  ammonium  it  is  the  hypothetical  NH-*,  which 
represents  Zn  in  the  chloride  of  zinc.  The  analogy  between  Zn'^O 
and  H-0  leads  us  to  suppose  the  possibility  of  such  a  compound  as 
the  oxide  of  ammonium  which  would  be  formed  by  a  direct  union  of 
ammonia  with  the  elements  of  water.  But  such  compounds,  if  they 
exist,  are  ver}'^  unstable  ;  and  as  the  alkaloids  are  either  readily  dis- 
engaged from  their  aqueous  solutions  by  heat,  or  else  are  insoluble 


Intelligence  and  Miscellaneous  Articles.  393 

in  water,  it  is  very  difficult  to  prove  the  existence  of  these  oxides. 
If,  however,  an  alkaloid  could  be  made  to  unite  with  a  homologue 
of  water,  the  elements  corresponding  to  H-0  might  form  a  more 
stable  combination,  and  the  reality  of  the  action  be  established. 
Such  a  result  has  actually  been  attained  by  Dr.  Hofmann,  who  has 
indirectly  formed  a  combination  of  tricethammine  Avith  alcohol.  An 
ammonia  uniting  with  water  which  has  two  atoms  of  replaceable 
hydrogen,  might  form  either  NH^0  =  NHSH0  or  N-^H*0=  (XH+)=0. 
Did  tri?ethammine  unite  directly  with  hydric  aether,  we  might  obtain 
the  alcohol  compound  corresponding  to  the  latter  oxide,  but  alcohol 
is  EtHO  containing  but  one  atom  of  C-H-%  and  consequently  we 
have  N  Et+,  HO.  It  is  obtained  by  the  action  of  triaethammine  upon 
iodide  of  fethyle,  which  is  the  homologue  of  hydriodic  acid ;  and  as 
the  acid  produces  ■^•ith  ammonia  the  iodide  of  ammonium,  the  aether 
yields  the  iodide  of  the  new  quasi-metal  tetrathylammonium ,  which, 
when  decomposed  by  oxide  of  silver,  yields  thehydrated  oxide  of  the 
new  base  (N  Et^H)0,  corresponding  to  (KH)0,  hydrate  of  potash, 
which  it  closely  resembles  in  its  acridness,  causticity,  and  powerfully 
alkaline  characters,  particularly  as  shown  in  its  reactions  with  me- 
tallic salts,  and  in  its  power  of  saponifying  oils.  Although  termed 
an  organic  alkaloid,  it  will  be  seen  that  this  and  its  analogous  com- 
pounds cannot  be  assimilated  to  the  organic  bases  containing  oxygen 
like  quinine,  with  which  they  have  been  compared,  as  the  latter 
combine  directly  M'ith  acids  and  carry  their  oxygen  into  their  saline 
combinations,  while  Hofmann's  bases  eliminate  an  equivalent  of 
water  which  contains  their  atom  of  oxygen. 

The  action  of  an  alloy  of  potassium  and  antimony  upon  the  iodide 
of  jethyle  has  furnished  to  MM.  Ldwig  and  Schweizer  a  volatile 
liquid,  spontaneously  inflammable,  and  having  the  formula  C^H'-^Sb, 
which  corresponds  to  triffithammine,  in  which  N  is  replaced  by  Sb*. 
It  does  not  appear  whether  it  forms  direct  compounds  with  acids. 
When  slowly  oxidized ,  it  takes  up  an  equivalent  of  oxygen  and  yields 
a  viscid  liquid  which  combines  with  acids,  and  forms  salts  with  the 
elimination  of  an  equivalent  of  water.  M.  Gerhardt  has  shown  that 
this  compound,  which  the  authors  designate  as  oxide  of  stibcethyJe, 
is  to  be  regarded  as  the  hydrate  of  a  new  base,  C'^H'^Sb,  for  which 
he  proposes  the  name  stibcethinef ;  it  is  formed  from  stibaethyle  by 
the  loss  of  H-,  as  harmine  is  derived  from  harmaline.  The  consti- 
tution of  the  hydrate  is  analogous  to  Hofmann's  new  ammonium 
bases;  Sb  C'^H's,  H-^0  =  (Sb  CeH^S  H)0,  and  Sb  C^Hi-*  is  equivalent 
to  NH*  ammonium.  Nitidc  acid  oxidizes  H-  in  stibaethyle  and  forms 
an  acid  nitrate  of  stibsethine.  Sulphur,  chlorine,  and  bromine  com- 
bine directly  with  stibaethyle,  yielding  corapoimds  which  have  all 
the  characters  of  salts  of  stibfethine,  and  may  be  formed  by  double 
decomposition  from  the  salts  of  the  oxide.  Stibaethyle  even  decom- 
poses strong  hydrochloric  acid,  evohdng  hydrogen  to  fonn  a  chloride, 
which  is  also  produced  by  the  action  of  a  metallic  chloride  upon  the 
nitrate  of  stibaethine  ;  its  composition  is  that  of  an  acid  salt,  Sb  C^H'^, 

*  Chem.  Gaz.  vol.  viii.  pp.  201,  372,  395,  420. 

t  Comptes  Rendus  des  Trauvaiuc  de  Chimie,  1850,  p.  400. 
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2HC1=SI)C«H'*,  CI,  HCl.  It  reacts  like  chloride  of  potassium  or 
sodium  with  metallic  solutions,  and  forms  with  sulphuric  acid  a  sul- 
phate with  disengagement  of  hydrochloric  gas. 

More  recently,  M.  Landoldt  has  obtained  the  methyle  compound 
analogous  to  stibsethyle  by  a  similar  process*.  It  corresponds  to 
trimethammine,  being  Sb  C'H"=SbMe3,  and  yields  a  series  of  com- 
pounds like  those  of  stibaethyle.  When  placed  in  contact  with  iodide 
of  methyle,  an  energetic  combination  ensues,  and  a  crystalline  pro- 
duct is  obtained  which  is  SbMe^I,  the  equivalent  of  Hofmann's  iodide 
above  described.  Decomposed  by  oxide  of  silver,  the  hydrated  oxide 
of  the  new  base,  which  the  author  calls  stibmethyUum,  is  obtained  ; 
it  closely  resembles  the  oxide  of  tetrsethylamraonium,  and  its  salts  are 
said  to  be  isomorphous  with  those  of  ])otash.  The  author  writes  the 
formula  of  the  iodide  as  above,  and  the  oxide  SbMe^O  ;  this  is  evi- 
dently an  error;  the  oxide  will  be  (SbMe'H)O,  like  the  correspond- 
ing nitrogen  compound.  He  has  observed  that  stibaethyle  yields 
similar  compounds  with  iodide  of  sethyle,  and  with  iodide  of  methyle, 
the  analogous  body  (SbEt^Me)I. 

With  these  results  before  us,  we  are  ready  to  inquire  into  the 
constitution  of  the  bodies  of  the  cacodyle  series.  It  must  be  observed 
that  the  elimination  of  H-  is  characteristic  of  the  alcohols,  as  is  seen 
in  the  formation  of  aldehydes  and  acids,  and  they  seem  to  preserve 
this  same  character  in  their  combinations ;  thus  the  fourth  sethyle 
atom  which  is  combined  with  triaethammine  is  decomposed  at  the 
temperature  of  boiling  water  into  C'-H^  and  H^O. 

Let  arsenicreplace  nitrogen  iViWuxiz  icEthammine NC'H'  =  NC^H^, 
HH.  and  we  have  As  C-H^ ;  from  which,  if  H-  be  abstracted,  there 
remains  As  C-H^=As  C^H-,  HH,  a  new  base  corresponding  to  stib- 
sethine  ;  such  a  base  is  contained  in  the  chloride  of  cacodyle,  and  has 
been  recognised  by  M.  Gerhardt  under  the  name  of  arsine\,  of 
which  the  hj^drochlorate  and  hydrobromate  are  Buusen's  chloride 
and  bromide  of  cacodyle.  The  compound  analogous  to  the  oxide  of 
stibmethylium  will  be  (AsC-H*)2,  H'-O  or  C-'H'^As-O  (equivalent 
to  K-0),  which  is  alcarsine.  The  relation  between  the  oxide  and 
the  chloride  is  evident ;  it  is  difficult  to  believe  that  the  bodies  de- 
scribed by  Bunsen  as  oxychloride  and  oxybromide  of  cacodyle  are 
anything  else  than  mixtures  of  alcarsine  with  hydrochlorate  and 
hydrobromate  of  arsine ;  and  the  more  so,  as  their  composition  after 
his  analyses  does  not  seem  to  be  well-defined.  M.  Bunsen  did  not 
analyse  the  compounds  of  alcarsine  with  oxygen  acids  ;  indeed  only 
the  sulphate  seems  stable ;  it  is  acid  and  deliquescent,  and  is  pro- 
bably a  bisalt — the  bisulphate  of  arsine. 

The  sulphuret  of  cacodyle  is  analogous  to  the  hydro-sulphuret  of 
ammonia,  and  arsine  sustains  to  alcarsine  the  same  relation  as  am- 
monia to  oxide  of  ammonium.  It  is  worthy  of  notice,  that  there  are 
two  conditions. of  alcarsine;  tiae  one  a  fuming  and  spontaneously 
inflammable  liquid,  and  the  other,  formed  during  the  slow  oxidation 
of  the  first,  a  viscid,  syrupy  substance,  comparatively  inditferent  to 

*  Chem.  Gaz.  vol.  ix.  p.  181. 

t  Precis  de  Chimie  Organique,  vol.  i.  p.  389. 
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chemical  agents,  and  but  difficultly  oxidized;  the  viscid,  inactive 
form  corresponds  to  stibaethine.  Researches  upon  this  variet)'  of 
alcarsine  and  its  salts  -would  be  very  desirable.  The  compounds 
resulting  from  the  action  of  chloride  of  mercurj-  and  nitrate  of  silver 
with  alcarsine  are  probably  compounds  of  arsine,  analogous  to  the 
ammoniacal  combinations  of  these  salts.  It  is  to  be  remarked,  that 
while  the  salts  of  stibaethine  are,  from  the  very  mode  of  their  forma- 
tion, acid,  those  of  arsine,  if  we  except  perhaps  the  sulphate,  are 
neutral. 

Cacodyle  is  formed  by  the  reduction  of  the  hydrochlorate  of  arsine, 
chloride  of  ar senium  by  zinc ;  precisely  as  2ZnCl  +  K-  give  2KC1  +  Zn-, 
we  obtain  chloride  of  zinc  with  the  elimination  of  arseniura,  that  is, 
of  As  C-H^  +  AsC-H6  =  C^H'-As-.  Cacodyle  is  thus  precisely  analo- 
gous  to  a  metal,  and  with  chlorine  or  sulphur  pelds  compounds  of 
the  arsine  series  ;  the  above  formula,  however,  represents  two  vo- 
lumes of  vapour,  while  the  equivalent  of  the  chloride  is  represented 
by  AsC-H'5,  CI.  I  have,  however,  endeavoured  on  a  previous  occa- 
sion to  show  that  the  atom  of  the  metals  in  their  free  state  is  repre- 
sented by  M'-,  and  hence  cacodyle  corresponds  perfectly  to  Zn^, 
which,  in  combining  with  chlorine,  breaks  up  to  form  two  equiva- 
lents of  ZnCl ;  alcargen,  cacodylic  acid,  is  not  an  oxide  of  cacodyle, 
for  its  formula  is  C'-H^^sO- ;  and  being  anhydrous,  it  is  equivalent 
to  a  compound  of  ammonia  with  oxygen,  and  not  of  ammonium,  as 
M.  Bunsen's  theory  demands. 

MM.  Lowig  and  Schweizer  assert,  that  by  oxidation,  stibaethyle 
yields  C^H'Sb  =  SbEt,  which  combines  with  O^,  S^.  As  we  have 
no  other  evidence  that  the  type  of  the  ammonia  is  ever  thus  destroyed, 
it  is  more  probable  that  the  action  removes  H-  from  one  atom  of  Et, 
as  in  the  formation  of  stibaethine,  and  oxidizes  the  two  remaining 
atoms  of  ccthyle,  leaving  H  in  their  place;  Sb,  C'-H'':=Sb,  C^H^, 
HH,  corresponding  to  arsine,  and  like  it  combining  with  0-,  S'^ 
(O'  in  their  notation  not  being  divisible  by  two,  is  inadmissible, 
unless  the  formula  is  to  be  doubled).  The  properties  of  the  new 
compound,  stibcBthylic  acid  of  the  author,  and  C-'H^'SbO^  in  his  nota- 
tion, but  more  probably  C-H^SbO-,  lead  us  to  conclude  that  it  is  the 
antimonial  species  corresponding  to  alcargen,  C-H'AsO-.  It  is  a 
white  solid,  soluble  in  water  and  alcohol,  but  insoluble  in  aether,  and 
is  converted  by  H-S  into  an  odorous  compound,  in  which  its  oxygen 
is  replaced  by  sulphur :  the  historj-  of  the  body  is  not,  however, 
complete. 

I  remarked  four  years  since,  that  glycocoll  is  the  nitrogen  species 
corresponding  to  alcargen,  and  published  some  experiments  upon 
the  action  of  sulphuretted  hydrogen  upon  nitrous  eether,  under- 
taken with  the  hope  of  obtaining  the  nitrogen  compound  cor- 
responding to  alcarsine*.  M.  Laurent  was,  however,  disposed  to 
regard  glycocoU  as  the  amide  of  a  bibasic  acid  C-H^O^,  the  ho- 
mologue  of  carbonic  acid,  and  hence  explained  its  monobasic  acid 
character;  but  to  this  view  it  is  to  be  objected,  that  the  ordinary 
amides  of  bibasic  acids  are  either  neutral,  like  oxamide,  or  acid  with- 
*  Chem.  Gaz.  vol.  v.  p.  386. 
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out  any  basic  characters,  like  oxamic  acid.  GlycocoU  is  to  be  re- 
garded as  the  isomer  of  glycoUamic  acid,  precisely  as  the  alkaloids, 
furfurine  and  benzoline,  are  known  to  be  isomers — allotropic  forms 
of  the  normal  acids  ;  and  corresponds  to  a^thammine  less  H-+0'-,  or 
to  the  product  which  should  be  obtained  by  the  oxidation  of  SbEt. 
Its  capacity  to  exchange  H  for  K  is  unlike  that  of  acetic  acid  or  alcohol, 
for  tlie  saline  power  of  these  belongs  not  to  the  carbo-hydrogen  ele- 
ments, but  to  the  unreplaced  H  of  the  H'-O.  Nor  in  this  view  is  the 
saline  hydrogen  of  glycocoU  similar  to  that  of  oxamic  acid ;  it  is  an 
atom  of  hydrogen  in  the  ammonia  itself,  whicli  is  replaceable,  as  in 
asparagine,  itself  the  binamide  of  a  bibasic  acid,  and  in  paramide. 

I  conclude  these  observations  by  calling  attention  to  the  results 
obtained  by  Dr.  Hofmann  in  decomposing  the  compound  ammonias 
by  a  nitrite*.  I  was  the  first  to  show  that  the  elegant  process  by 
which  Piria  had  succeeded  in  decomiiosing  asparagine  and  some 
other  amides,  was  applicable  to  the  organic  alkaloids,  and  that  the 
action  of  nitric  oxide  upon  a  dilute  acid  solution  of  nitrate  of  aniline 
yields  nitrogen  gas  and  phenolef.  Dr.  Hofmann  refers  to  my  state- 
ment, but  adds,  that  in  repeating  my  experiment  the  aniline  was 
transformed  into  a  brown  mass  containing  a  crystalline  matter  which 
was  nitric  phenole.  He  probably  obtained  the  binitric  species  which 
is  the  first  product  of  the  action  of  nitric  acid  upon  plienole,  and 
which,  as  described  in  my  paper,  I  actually  prepared  from  the  phenole 
thus  obtained,  by  treating  it  with  strong  nitric  acid,  in  tlie  process 
for  preparing  the  nitropicric  acid.  If,  keeping  in  mind  the  great 
readiness  with  which  phenole  is  attacked  by  nitric  acid,  he  will  take 
the  trouble  to  repeat  the  experiment  with  a  dilute  solution  of  the 
salt,  avoiding  a  large  excess  of  nitric  acid,  he  will  not  find  it  difficult 
to  obtain  the  characteristic  oily  product  which  I  have  described,  and 
which  is  not  easily  confounded  with  nitrophenesic  acid. 

By  the  use  of  nitrite  of  silver,  in  accordance  with  my  suggestion, 
for  which  he  has  found  even  nitrite  of  potash  may  be  substituted, 
Dr.  Hofmann  was  more  successful.  In  distilling  hydrochlorate  of 
aethammine  with  a  solution  of  nitrite  of  potash,  nitrogen  and  nitrous 
aether  were  evolved,  with  a  liquid  containing  apparently  traces  of 
alcohol  and  some  droj3s  of  an  oily  matter.  Similar  results  were 
obtained  with  butylamine,  propylamine  and  amylamine.  These 
nitrous  aethers,  as  shown  by  M.  Kopp  and  myself,  are  decomposed 
by  sulphuretted  hydrogen,  the  alcohols  being  regenerated.  In  this 
way  Dr.  Hofmann  succeeded  in  forming  from  the  alkaloid,  amylic 
alcohol.  As  the  transformations  of  organic  substances  furnish  us 
with  the  means  of  obtaining  the  corresponding  bases,  the  problem  of 
obtaining  the  alcohols  of  the  propionic  and  butyi'ic  series  is  solved. 

The  reaction  which  gives  rise  to  nitrous  aether  is  not  clearly  ex- 
plained ;  the  nitrite  obtained  by  double  decomposition  will  be  C'-H"N, 
NHO-,  and  may  be  resolved  into  N-  +  H'-0  +  C-H'0.  The  simul- 
taneous evolution  of  nitrogen  gas  and  nitrous  aether,  or  indeed  the 
formation  of  the  latter,  can  only  be  explained  by  some  secondary 

*  Comptes  Rendus  des  Travaux  de  Ckimie,  Feb.  1851,  p.  42. 
t  Chem.  Gaz.  vol.  nii.  p.  21. 
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action  whicli  it  is  not  easy  to  foresee.    We  hope  for  more  definite 
information  upon  the  subject. 

A  curious  subject  of  inquiry  presents  itself  in  regard  to  those 
bases  which  contain  two  and  three  equivalents  of  the  alcoholic  ele- 
ments. If  the  decomposition  were  to  take  place  in  accordance  with 
the  formula  above  given,  nitrate  of  biaethylamine  would  yield  C"'H"^0, 
which  is  the  aether  of  alcohol,  or  its  isomer  butyric  alcohol,  and 
triaethylamine,  C'^H'^0,  which  is  the  formula  of  caproic  alcohol. 
The  decomposition  of  all  the  complex  alkaloids  by  this  reaction  will 
be  of  great  interest. — Silliman's  American  Journal,  IMarch  1852. 


THE  STEREOSCOPE. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlejiex, 
Having  this  day  seen,  in  your  publication  of  this  month.  Pro- 
fessor Wheatstone's  communication  regarding  the  "Physiology  of  Vi- 
sion "  and  his  recently  produced  instrument,  the  Stereoscope,  I  may 
perhaps  be  permitted  to  say  that  neither  his  views,  nor  the  practical 
application  of  them,  are  so  new  as  he  supposes,  since  I  constructed 
a  stereoscope,  in  everything  but  the  name,  more  than  thirteen  years 
ago,  which,  though  since  neglected  by  me,  is  still  in  existence,  and 
can  be  produced,  with  evidence  of  its  date. 

I  do  not  state  this  with  a  view  to  detract  at  all  from  the  merit  or 
originality  of  Professor  Wheatstone's  invention,  as  mine  was  never 
made  public.  I  mention  the  circumstanc.e  rather  as  a  curious  fact 
than  anything  else. 

I  am,  Gentlemen,  your  obedient  Sers'ant, 

James  Elliot. 
1  St.  Vincent  Sti-eet,  Edinburgh, 
April  5th,  1852. 


ON  THE  ARTIFICIAL  PRODUCTION  OF  CRYSTALLIZED  TUNGSTATE 
OF  LIME.       BY  N.  S.  MANROSS. 

Tungstate  of  lime,  which  occurs  so  beautifully  crystallized  as  a 
mineral,  and  is  known  in  this  form  under  the  name  Scheelite, 
when  prepared  artificially  by  the  mutual  decomposition  of  a  solu- 
tion of  an  alkaline  tungstate  with  a  salt  of  lime,  is  onh'  obtained 
in  the  form  of  a  white  jjowder.  I  have  found  that  it  may  be  procured 
in  crystals  allowing  of  measurement,  by  the  mutual  decomposition 
of  the  salts,  not  in  an  aqueous  solution,  however,  but  in  a  melted 
state  at  a  high  temperature — a  method  of  crystallizing  compounds 
which  I  have  also  begun  to  ai)ply  with  favourable  results  to  other 
bodies,  especially  those  which  occur  crystallized  as  minerals*. 

To  procure  tungstate  of  lime  in  a  crystalline  state,  anhydrous 

*  I  must  remark,  that  M.  Manross  had  an-ived  at  this  method  before  he 
had  anv  knowledge  of  the  veiy  interesting  experiments  of  Ebehnen  in  the 
same  direction. —  IVoJder. 
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tungstate  of  soda  is  fused  in  a  Hessian  crucible  with  excess  of  pure 
chloride  of  calcium  at  a  moderate  red  heat,  and  the  mass  when  cold, 
washed  with  water.  'I'he  salt  is  then  left,  forming  a  heavy,  very 
crystalline,  sparkling  powder,  in  which  the  separate  crystals  are 
easily  distinguishable  by  a  simple  lens.  By  using  some  pounds  of 
the  materials,  we  might  certainly  succeed  in  obtaining  crystals  so 
large  that  their  form  might  be  distinguished  b}''  the  naked  eye. 
Even  with  a  magnifying  power  of  45  diameters,  this  crystalline 
powder  may  be  seen  to  consist  of  clear,  very  shining  and  sharp  cry- 
stals, many  of  which  appear  to  be  true  square  octohedra,  but  most 
of  them  are  combinations  with  many  facets.  Some  of  the  former 
were  sufficiently  large  to  be  measured  by  the  goniometer.  I  found 
the  angle  of  the  basal  edges  of  the  octohedra  =130°  20'  30",  thus 
agreeing  with  the  corresponding  angle  of  the  compound  occurring  as 
a  mineral. 

The  specific  gravity  of  this  artificially  prepared  Scheelite  I  found 
to  be  =60759.     That  of  the  natural  is  given  as  5'9  to  6*2. 

With  this  agreement  in  form  and  density,  an  analysis  was  hardly 
requisite.  However,  I  have  also  made  this,  by  heating  the  finely 
powdered  salt  with  carbonate  of  soda,  as  it  has  been  shown,  that, 
although  acids  separate  yellow  tungstic  acid  from  it,  it  is  only  im- 
perfectly decomposed  by  them.  The  lime  was  19-58  per  cent. 
Hence  the  loss  considered  as  tungstic  acid  amounted  to  80*42  per 
cent.     The  theoretical  composition  is 

CaO 19-45 

W03    80-55 

Annul,  der  Chem.  u.  Pharm.  Bd.  81,  Heft  2. 


ON  THE  GREEN  COLOURING  MATTER  OF  PLANTS,  AND  ON  THE 
RED  MATTER  OF  THE  BLOOD.       BY  F.  VERDEIL. 

The  green  matter  which  can  be  extracted  from  the  majority  of 
plants  by  means  of  alcohol  or  aether  was  considered  as  a  pure  homo- 
geneous organic  substance,  and  received  the  name  of  chlorophylle, 
or  green  resin  of  plants. 

1  have  discovered  that  this  green  resin  is  a  mixture  of  a  perfectly 
colourless  fat  capable  of  crystallizing,  and  of  a  colouring  principle 
presenting  the  greatest  analogies  with  the  red  colouring  principle  of 
the  blood,  which  however  had  never  yet  been  obtained  in  a  com- 
pletely pure  state. 

To  isolate  it,  I  precipitate  a  boiling  solution  of  chlorophylle 
in  alcoiiol  by  a  small  quantity  of  milk  of  lime.  The  solution  be- 
comes colourless;  the  alcohol  retains  the  fat,  whilst  the  lime  precipi- 
tates all  the  colouring  matter,  This  is  separated  from  the  lime  by 
hydrochloric  acid  and  asthcr,  which  dissolves  the  green  matter, 
forming  a  coloured  stratum  at  the  top  of  the  liquid.  By  evaporating 
the  aether,  the  colouring  matter  is  obtained  in  a  state  of  perfect 
purity. —  Comptes  JRendus,  Dec.  22,  1851. 
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EQTJIVALEXT  OF  PHOSPHORFS. 

Prof.  Schrotter  has  determined  the  equivalent  of  phosphorus  by- 
burning  amorphous  phosphorus  in  oxygen  gas.  A  mean  of  ten  de- 
terminations, which  scarcely  differ,  gave  as  the  true  equivalent  387 '5 
on  the  oxygen,  or  31  upon  the  hydrogen  scale.  One  gramme  of 
phosphorus  according  to  this  yields,  on  burning,  2' 28 9 186  grms. 
of  phosphoric  acid.  Pelouze's  determination,  32,  is  consequently 
too  high. — Journal  filr  Praktische  Chemie,  vol.  liii.  p.  435. 


PRODUCTION  OF  CYANIDE  OF  POTASSIUM. 

M.  Rieken  has  confirmed  by  careful  experiments  the  results  of 
Bunsen  and  Playfair,  that  cyanide  of  potassium  is  formed  when  car- 
bonate of  potash  intimately  mixed  with  carbon  is  heated  to  whiteness 
in  a  current  of  previously  heated  nitrogen  gas.  The  temperature 
must  be  that  at  which  potassium  is  formed,  and  the  nitrogen  must 
be  strongly  ignited  before  passing  over  the  mixture.  The  necessity 
of  fulfilling  these  conditions  will  render  the  process  very  difiicult  of 
execution  upon  a  large  scale. — Ann.  der  Chemie  tmd  Pharmacie, 
vol.  Ixxix.  p.  77. 


METEOROLOGICAL  OBSERVATIONS  FOR  MARCH  1852. 
Chisrcick. — March  1.  Fine.  2.  Overcast :  fine :  clear,  with  sharp  frost.  3.  Clear 
and  frosty  :  fine  :  sharp  frost  at  night.  4.  Very  fine  :  clear :  severe  frost  at  night. 
5.  Frosty:  bright  sun:  frosty.  6.  Shght  haze:  clear.  7.  Frosty,  with  haze : 
fine  :  shght  haze.  8.  Uniform  haze :  overcast.  9.  Cold  dry  haze  :  fine  :  clear. 
10.  Hazy:  foggy  at  night.  11.  Hazy:  densely  overcast.  12.  Cloudy:  clear. 
13.  Flying  haze  :  cold  and  dry.  14.  Uniformly  overcast.  15.  Foggy  :  dusky  haze. 
16.  Slight  drizzle  :  cloudy.  17,18.  Cloudy  and  cold.  19.  Cold  haze  :  white 
clouds:  clear  and  frosty.  20.  Clear  and  fine  :  frosty.  21,22.  Fine.  23.  Slight 
haze  :  fine :  clear  :  frosty.  24.  Overcast:  densely  clouded.  25.  Clear:  overcast. 
20.  Clear :  cloudy  :  frosty.  27.  Frosty :  cloudy  :  clear.  28.  Overcast.  29.  Hazy: 
fine:  rain.  30.  Rain:  cloudy  and  mild  :  overcast.  31.  Uniform  haze:  overcast 
and  cold :  cloudy. 

Mean  temperature  of  the  month  36°"92 

Mean  temperature  of  March  1851     41*72 

Mean  temperature  of  March  for  the  last  twenty-six  years  ...  42  '52 

Average  amount  of  rain  in  March     1*40  inch. 

Boston. — March  1.  Fine.  2.  Cloudv.  3.  Fine  :  snow  a.m.  and  p.m.  4 — 7.  Fine. 
8,  9.  Cloudv.  10.  Fogffv.  11.  Cloudv.  12.  Fine.  13.  Cloudv.  14.  Cloudv:  rain 
A.M.  15.  cloudy :  rain  P.M.  16,  17.  Cloudy.  18.  Fine.  19.  Cloudy.  20— 26.  Fine. 
27,28.  Cloudy.  29.  Fine.  30.  Cloudy :  rain  early  a.m.  and  p.m.  31.  Cloudy. 
Sandwich  Manse,  Orkney. — March  1.  Snow-showers.  2.  Snow-showers :  snow. 
3.  Snow:  fine.  4.  Snow:  fine:  light  halo.  5.  Thaw:  clear:  fine.  6.  Fine: 
clear  :  fine.  7.  Fine  :  hazy.  8.  Fog  :  fine :  fog.  9.  Fog.  10 — 15.  Hazy  :  fine. 
16.  Drops  :  hazy :  fine.  17.  Hazy :  fine  :  cloudy:  fine.  18.  Bright :  fine :  cloudy  : 
fine.  19 — 21.  Bright :  fine:  clear  :  cloudy  :  aurora.  22.  Cloudy  :  fine.  23.  Fog: 
cloudy.  24.  Bright :  cloudy.  25.  Hail-showers.  26.  Hail-showers :  snow- 
showers.  27.  Snow-showers.  28.  Snow  :  bright :  snow  :  clear.  29.  Cloudy  : 
snow-showers.  30.  Bright :  clear.  31.  Cloudy. — This  month  has  been  remark- 
ably  fine  and  dry,  with  a  high  barometer  and  thermometer.  The  average  quantity 
of  rain  in  March  for  six  previous  years  was  2  55,  and  in  one  month  only  was  the 
quantity  smaller,  viz.  Sept.  1846,  when  it  was  only  -60.  The  average  temperatiire 
of  March  for  twenty-six  previous  years  40°'38.  the  average  state  of  the  baro- 
meter has  not  been  higher  since  iiay  1844,  when  it  was  30-213. 
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LVIII.    On  the  Physical  Character  of  the  Lines  of  Magnetic 
Force.     By  Michael  Faraday^  Esq.,  D.C.L.,  F.R.S.  6)-c.* 
[With  a  Plate.] 
"^TOTE. — The  following  paper  contains  so  much  of  a  specula- 
tive and  hypothetical  nature,  that  I  have  thought  it  more 
fitted  for  the  pages  of  the  Philosophical  ]\Iagazine  than  those  of 
the  Philosophical  Transactions.     Still  it  is  so  connected  with, 
and  dependent  upon  former  researches,  that  I  have  continued 
the  system  and  series  of  paragraph  numbers  from  them  to  it. 
I  beg,  therefore,  to  inform  the  reader,  that  those  in  the  body  of 
the  text  refer  chiefly  to  papers  already  published,  or  ordered  for 
publication,  in  the  Philosophical  Transactions ;  and  that  they 
are  not  quite  essential  to  him  in  the  reading  of  the  present  paper, 
unless  he  is  led  to  a  serious  consideration  of  its  contents.     The 
paper,  as  is  evident,  follows  Series  xxviii.  and  xxix.,  now  printing 
in  the  Philosophical  Transactions,  and  depends  much  for  its 
experimental  support  upon  the  more  strict  results  and  conclusions 
contained  in  them. 


3243.  I  have  recently  been  engaged  in  describing  and  defi- 
ning the  lines  of  magnetic  force  (3070.),  i.  e.  those  lines  which 
are  indicated  in  a  general  manner  by  the  disposition  of  iron 
filinars  or  small  mametic  needles,  around  or  between  magnets ; 
and  I  have  shown,  I  hope  satisfactorily,  how  these  lines  may  be 
taken  as  exact  representants  of  the  magnetic  power,  both  as  to 
disposition  and  amount ;  also  how  they  may  be  recognised  by  a 
moving  wire  in  a  manner  altogether  different  in  principle  from 

*  Communicated  by  the  Author. 
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the  indications  given  by  a  magnetic  needle,  and  in  numerous 
cases  with  great  and  peculiar  advantages.  The  definition  then 
given  had  no  reference  to  the  physical  nature  of  the  force  at  the 
place  of  action,  and  will  ap})ly  with  equal  accuracy  whatever 
that  may  be ;  and  this  being  very  thoroughly  understood,  1  am 
now  about  to  leave  the  strict  line  of  reasoning  for  a  time,  and 
enter  upon  a  few  speculations  respecting  the  physical  character 
of  the  lines  of  force,  and  the  manner  in  which  they  may  be  sup- 
posed to  be  continued  through  space.  AVe  are  obliged  to  enter 
into  such  speculations  with  regard  to  numerous  natural  powers, 
and,  indeed,  that  of  gravity  is  the  only  instance  where  tliey  are 
apparently  shut  out. 

3244.  It  is  not  to  be  supposed  for  a  moment  that  speculations 
of  this  kind  are  useless,  or  necessarily  hurtful,  in  natural  philo- 
sophy. They  should  ever  be  held  as  doubtful,  and  liable  to 
error  and  to  change ;  but  they  are  wonderful  aids  in  the  hands 
of  the  experimentalist  and  mathematician ;  for  not  only  are  they 
useful  in  rendering  the  vague  idea  more  clear  for  the  time,  giving 
it  something  like  a  definite  shape,  that  it  may  be  submitted  to 
experiment  and  calculation  ;  but  they  lead  on,  by  deduction  and 
correction,  to  the  discovery  of  new  pha?nomena,  and  so  cause  an 
increase  and  advance  of  real  physical  truth,  which,  unlike  the 
hypothesis  that  led  to  it,  becomes  fundamental  knowledge  not 
subject  to  change.  AVho  is  not  aware  of  the  remarkable  pro- 
gress in  the  development  of  the  nature  of  light  and  radiation  in 
modern  times,  and  the  extent  to  which  that  progress  has  been 
aided  by  the  hypotheses  both  of  emission  and  undvJation  ?  Such 
considerations  form  my  excuse  for  entering  now  and  then  upon 
speculations;  but  though  I  value  them  highly  when  cautiously 
advanced,  I  consider  it  as  an  essential  character  of  a  sound  mind 
to  hold  them  in  doubt;  scarcely  giving  them  the  character  of 
opinions,  but  esteeming  them  merely  as  probabilities  and  pos- 
sibilities, and  making  a  very  broad  distinction  between  them 
and  the  facts  and  laws  of  nature. 

3245.  In  the  numerous  cases  of  force  acting  at  a  distance, 
the  philosopher  has  gradually  learned  that  it  is  by  no  means 
sufficient  to  rest  satisfied  with  the  mere  fact,  and  has  therefore 
directed  his  attention  to  the  manner  in  which  the  force  is  trans- 
mitted across  the  intervening  space  ;  and  even  when  he  can  learn 
nothing  sure  of  the  manner,  he  is  still  able  to  make  clear  distinc- 
tions in  different  cases,  by  what  may  be  called  the  aff'ections  of 
the  lines  of  power ;  and  thus,  by  these  and  other  means,  to  make 
distinctions  in  nature  between  the  lines  of  force  of  diff'erent 
kinds,  or  exertions,  of  power  as  compared  with  each  other,  and 
therefore  between  the  powers  to  which  they  belong.  In  the 
action  of  gravity,  for  instance,  the  line  of  force  is  a  straight  line 
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as  far  as  we  can  test  it  by  the  resultant  phsenoniena.  It  cannot 
be  deflected,  or  even  affected,  in  its  course.  Neither  is  the  action 
in  one  Hue  at  all  influenced,  either  in  direction  or  amount,  by  a 
like  action  in  another  line ;  i.  e.  one  particle  graWtating  toward 
another  particle  has  exactly  the  same  amount  of  force  in  the 
same  direction,  whether  it  gravitates  to  that  one  alone  or  towards 
mp'iads  of  other  hke  particles,  exerting  in  the  latter  case  upon 
each  one  of  them  a  force  equal  to  that  which  it  can  exert  upon 
the  single  one  when  alone  :  the  results  of  course  can  combine, 
but  the  direction  and  amount  of  force  between  any  two  given 
particles  remain  uuchauged.  So  granty  presents  us  with  the 
simplest  case  of  attraction;  and  appearing  to  have  no  relation  to 
any  physical  process  by  which  the  power  of  the  particles  is  carried 
on  between  them,  seems  to  be  a  pure  case  of  attraction  or  action 
at  a  distance,  and  offers  therefore  the  simplest  tj^ie  of  other  cases 
which  may  be  like  it  in  that  respect.  My  object  is  to  consider 
how  far  magnetism  is  such  an  action  at  a  distance ;  or  how  far 
it  may  partake  of  the  natm'e  of  other  powers,  the  hues  of  which 
depend,  for  the  communication  of  force,  upon  intermediate  phy- 
sical agencies  (3075.). 

3246.  There  is  one  question  in  relation  to  gravity,  which,  if 
we  could  ascertain  or  touch  it,  would  greatly  enlighten  us.  It 
is,  whether  gravitation  requires  time.  If  it  did,  it  would  show 
undeniably  that  a  physical  agency  existed  in  the  course  of  the 
line  of  force.  It  seems  equally  impossible  to  prove  or  disprove 
this  point ;  since  there  is  no  capability  of  suspending,  changing, 
or  annihilating  the  power  (gravity),  or  annihilating  the  matter 
in  which  the  power  resides. 

3247.  When  we  turn  to  radiation  phsenomena,  then  we  obtain 
the  highest  proof,  that  though  nothing  ponderable  passes,  yet 
the  lines  of  force  have  a  physical  existence  independent,  in  a 
manner,  of  the  body  radiating,  or  of  the  body  receiving  the  rays. 
They  may  be  tm-ned  aside  lq  their  coui-se,  and  then  deviate  from 
a  straight  into  a  bent  or  a  cun'ed  line.  They  may  be  affected 
in  their  natm-e  so  as  to  be  turned  on  their  axis,  or  else  to  have 
different  properties  impressed  on  different  sides.  Their  sum  of 
power  is  limited ;  so  that  if  the  force,  as  it  issues  from  its  source, 
is  directed  on  to  or  determined  upon  a  given  set  of  particles,  or 
in  a  given  direction,  it  cannot  be  in  any  degree  directed  upon' 
other  particles,  or  into  another  dnection,  without  being  propor- 
tionately removed  from  the  fii'st.  The  lines  have  no  dependence 
upon  a  second  or  reacting  body,  as  in  gravitation;  and  they 
require  time  for  their  propagation.  In  all  these  things  they  are 
in  marked  contrast  with  the  lines  of  gravitating  force. 

3248.  "When  we  turn  to  the  electric  force,  we  are  presented 
with  a  very  remarkable  general  condition  intermediate  between 
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the  conditions  of  the  two  former  cases.  The  power  (and  its  lines) 
here  requires  i\\c presenceoi  iwo  or  more  acting  particles  or  masses, 
as  in  the  case  of  gravity ;  and  cannot  exist  with  one  only,  as  in 
the  case  of  light.  But  though  two  particles  are  requisite,  they 
must  be  in  an  antithetical  condition  in  respect  of  each  other,  and 
not,  as  in  the  case  of  gravity,  alike  in  relation  to  the  force.  The 
power  is  now  dual ;  there  it  was  simple.  Requiring  two  or  more 
particles  like  gravity,  it  is  unlike  gravity  in  that  the  power  is 
limited.  One  electro-particle  cannot  affect  a  second,  third  and 
fourth,  as  much  as  it  does  the  first ;  to  act  upon  the  latter  its 
power  must  be  projwrtionately  removed  from  the  former,  and 
this  limitation  appears  to  exist  as  a  necessity  in  the  dual  cha- 
racter of  the  force ;  for  the  two  states,  or  places,  or  direction  of 
force  must  be  equal  to  each  other. 

3249.  With  the  electric  force  we  have  both  the  static  and 
dynamic  state.  I  use  these  words  merely  as  names,  without 
pretending  to  have  a  clear  notifln  of  the  ])hy>;ical  condition  which 
they  seem  meaningly  to  imply.  "Whether  there  are  two  fluids  or 
one,  or  any  fluid  of  electricity,  or  such  a  thing  as  may  be  rightly 
called  a  current,  I  do  not  know ;  still  there  are  well  established 
electric  conditions  and  effects  which  the  words  static,  dynamic, 
and  current  are  generally  employed  to  express;  and  with  this 
reservation  they  express  them  as  well  as  any  other.  The  lines 
of  force  of  the  static  condition  of  electricity  are  present  in  all 
cases  of  induction.  They  terminate  at  the  surfaces  of  the  con- 
ductors under  induction,  or  at  the  particles  of  non-conductors, 
which,  being  electrified,  are  in  that  condition.  They  are  subject 
to  inflection  in  their  course  (1215.  1230.),  and  may  be  compressed 
or  rarefied  by  bodies  of  different  inductive  capacities  (1252. 
1277.) ;  but  they  are  in  those  cases  affected  by  the  intervening 
matter ;  and  it  is  not  certain  how  the  line  of  electric  force  would 
exist  in  relation  to  a  perfect  vacuum,  i.  e.  whether  it  would  be  a 
straight  line,  as  that  of  gravity  is  assumed  to  be,  or  curved  in 
such  a  manner  as  to  show  something  like  physical  existence  se- 
parate from  the  mere  distant  actions  of  the  surfaces  or  particles 
bounding  or  terminating  the  induction.  No  condition  of  quality 
ov  polarity  has  as  yet  been  discovered  in  the  line  of  static  electric 
force ;  nor  has  any  relation  oitime  been  established  in  respect  of  it. 

3250.  The  lines  of  force  of  dynamic  electricity  are  either 
limited  in  their  extent,  as  in  the  lowering  by  discharge,  or  other- 
wise of  the  inductive  condition  of  static  electricity,  or  endless 
and  continuous,  as  closed  curves  in  the  case  of  a  voltaic  circuit. 
Being  definite  in  their  amount  for  a  given  source,  they  can  still 
be  expanded,  contracted,  and  deflected  almost  to  any  extent, 
according  to  the  nature  and  size  of  the  media  through  which 
they  pass,  and  to  which  they  have  a  direct  relation.     It  is  pro- 
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bable  that  matter  is  always  essentially  present ;  but  the  hypo- 
thetical sether  may  perhaps  be  admitted  here  as  well  as  elsewhere. 
No  condition  of  quality  or  polarity  has  as  yet  been  recognised 
in  them.  In  respect  of  time,  it  has  been  found,  in  the  case  of  a 
Leyden  discharge,  that  it  is  necessary  even  with  the  best  con- 
ductors ;  indeed  there  is  reason  to  think  it  is  as  necessary  there 
as  in  the  cases  dependent  on  bad  conducting  media,  as,  for  in- 
stance, in  the  lightning  flash. 

3251.  Three  great  distinctions  at  least  may  be  taken  among 
these  cases  of  the  exertion  of  force  at  a  distance;  that  of  gravita- 
tion, where  propagation  of  the  force  by  physical  lines  through  the 
intermediate  space  is  not  supposed  to  exist ;  that  of  radiation, 
where  the  propagation  does  exist,  and  where  the  propagating  line 
or  ray,  once  produced,  has  existence  independent  either  of  its  source 
or  termination ;  and  that  of  electricity,  where  the  propagating 
process  has  intermetliate  existence,  like  a  ray,  but  at  the  same  time 
depends  upon  both  extremities  of  the  line  of  force,  or  upon  condi- 
tions (as  in  the  connected  voltaic  pile)  equivalent  to  such  extre- 
mities. Magnetic  action  at  a  distance  has  to  be  compared  with 
these.  It  may  be  unlike  any  of  them ;  for  who  shall  say  we  are 
aware  of  all  the  physical  methods  or  forms  under  which  force  is 
communicated  ?  It  has  been  assumed,  however,  by  some,  to  be 
a  pure  case  of  force  at  a  distance,  and  so  like  that  of  gravity ; 
whilst  others  have  considered  it  as  bettei^  represented  by  the  idea 
of  streams  of  power.  The  question  at  present  appears  to  be, 
whether  the  lines  of  magnetic  force  have  or  have  not  a  physical 
existence;  and  if  they  have,  whether  such  physical  existence  has 
a  static  or  dynamic  form  (3075.  3156.  3172.  3173.). 

3252.  The  lines  of  magnetic  force  have  not  as  yet  been  affected 
in  their  qualities,  i.  e.  nothing  analogous  to  the  polarization  of  a 
ray  of  light  or  heat  has  been  impressed  on  them.  A  relation 
between  them  and  the  rays  of  light  when  polarized  has  been 
discovered  (2146.)*;  but  it  is  not  of  such  a  nature  as  to  give 
proof  as  yet,  either  that  the  lines  of  magnetic  force  have  a  sepa- 
rate existence,  or  that  they  have  not ;  though  I  think  the  facts 
are  in  favour  of  the  former  supposition.  The  investigation  is  an 
open  one,  and  very  important. 

3253.  No  relation  of  time  to  the  hues  of  magnetic  force  has 
as  yet  been  discovered.  That  iron  requires  time  for  its  magneti- 
zation is  well  known.  Pllicker  says  the  same  is  the  case  for 
bismuth,  but  I  have  not  been  able  to  obtain  the  effect  showing 
this  result.  If  that  were  the  case,  then  mere  space  with  its 
jether  ought  to  have  a  similar  relation,  for  it  comes  between  bis- 
muth and  iron  (2787.) ;  and  such  a  result  would  go  far  to  show 
that  the  lines  of  magnetic  force  had  a  separate  physical  existence. 

*  Philosophical  Transactions,  1846,  p.  1. 
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At  present  such  results  as  we  have  cannot  be  accepted  as  in  any 
degree  proving  the  point  of  time;  though  if  that  point  were 
proved,  they  woukl  most  probably  come  under  it.  It  may  be  as 
well  to  state,  that  in  the  case  also  of  the  moving  wire  or  con- 
ductor (125.  3076.),  time  is  required*.  There  seems  no  hope 
of  touching  the  investigation  by  any  method  like  those  we  are 
able  to  apply  to  a  ray  of  light,  or  to  the  cun-ent  of  the  Leyden 
discharge ;  but  the  mere  statement  of  the  problem  may  help 
towards  its  solution. 

3254.  If  an  action  in  curved  lines  or  directions  could  be  proved 
to  exist  in  the  case  of  the  lines  of  magnetic  force,  it  would  also 
prove  their  ])hysical  existence  external  to  the  magnet  on  which 
they  might  depend;  just  as  the  same  proof  applies  in  the  case 
of  static  electric  induction t-  But  the  simple  disposition  of  the 
lines,  as  they  are  shown  by  iron  particles,  cannot  as  yet  be 
brought  in  proof  of  such  a  curvature,  because  they  may  be  de- 
pendent upon  the  presence  of  these  particles  and  their  mutual 
action  on  each  other  and  the  magnets ;  and  it  is  possible  that 
attractions  and  repulsions  in  right  lines  might  produce  the  same 
arrangement.  The  results  therefore  obtained  by  the  moving 
wire  (3076.  3176)  J,  are  more  likely  to  supply  data  fitted  to  elu- 
cidate this  point,  when  they  are  extended,  and  the  true  magnetic 
relation  of  the  moving  wire  to  the  space  which  it  occupies  is 
fully  ascertained. 

3255.  The  amount  of  the  lines  of  magnetic  force,  or  the  force 
which  they  represent,  is  clearly  limited,  and  therefore  quite  un- 
like the  force  of  gravity  in  that  respect  (3245.) ;  and  this  is  true, 
even  though  the  force  of  a  magnet  in  free  space  must  be  con- 
ceived of  as  extending  to  incalculable  distances.  This  limitation 
in  amount  of  force  ai)pears  to  be  intimately  dependent  upon  the 
dual  nature  of  the  power,  and  is  accompanied  by  a  displacement 
or  removability  of  it  from  one  object  to  another,  utterly  unlike 
anything  which  occurs  in  gravitation.  The  lines  of  force  abut- 
ting on  one  end  or  pole  of  a  magnet  may  be  changed  in  their 
direction  almost  at  pleasure  (3238.),  though  the  original  seats  of 
their  further  parts  may  otherwise  remain  the  same.  For,  by 
bringing  fresh  terminals  of  power  into  presence,  a  new  dispo- 
sition of  the  force  upon  them  may  be  occasioned ;  but  though 
these  may  be  made,  either  in  part  or  entirely,  to  receive  the  ex- 
ternal power,  and  thus  alter  its  direction,  no  change  in  the 
amount  of  the  force  is  thus  produced.  And  this  is  the  case  in 
strict  experiments,  whether  the  new  bodies  introduced  are  soft 
iron  or  magnets  (3218.  3223.)  §.     In  this  respect,  therefore,  the 

*  Experimental  Researches,  8vo  edition,  vol.  ii.  pp.  191, 195. 
t  Pbilosophical  Transactions,  1838,  p.  16.  X  Ibid.  1852. 

^  Ibid.  1852. 
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lines  of  magnetic  force  and  of  electric  force  agree.  Results  of 
this  kind  are  well  shown  in  some  recent  experiments  on  the  effect 
of  iron,  when  passing  by  a  copper  wire  in  the  magnetic  field  of 
a  horseshoe  magnet  (3129.  3130.),  and  also  by  the  action  of 
iron  and  magnets  on  each  other  (3218.  3223.). 

3256.  It  is  evident,  I  think,  that  the  experimental  data  are 
as  yet  insufficient  for  a  full  comparison  of  the  various  lines  of 
power.  They  do  not  enable  us  to  conclude,  with  much  assu- 
rance, whether  the  magnetic  lines  of  force  are  analogous  to  those 
of  gravitation,  or  direct  actions  at  a  distance  ;  or  whether,  ha\dng 
a  physical  existence,  they  are  more  like  in  their  nature  to  those 
of  electric  induction  or  the  electric  current.  I  incline  at  present 
to  the  latter  view  more  than  to  the  former,  and  will  proceed  to 
certain  considerations  bearing  on  the  question,  with  a  view  to 
the  further  and  future  elucidation  of  the  subject. 


3257.  I  think  I  have  imderstood  that  the  mathematical  ex- 
pression of  the  laws  of  magnetic  action  at  a  distance  is  the  same 
as  that  of  the  laws  of  static  electric  actions ;  and  it  has  been 
assumed  at  times  that  the  supposition  of  north  and  south  mag- 
netisms, spread  over  the  poles  or  respective  ends  of  a  magnet, 
would  account  for  all  its  external  actions  on  other  magnets  or 
bodies.  In  either  the  static  or  dynamic  view,  or  in  any  other 
like  them,  the  exertion  of  the  magnetic  forces  outwards,  at  the 
poles  or  ends  of  the  magnet,  must  be  an  essential  condition. 
Then,  with  a  "given  bar-magnet,  can  these  forces  exist  without  a 
mutual  relation  of  the  two,  or  else  a  relation  to  contrary  mag- 
netic forces  of  equal  amount  originating  in  other  sources  ?  I 
do  not  believe  they  can;  because,  as  I  have  shown  in  recent 
researches,  the  sum  of  the  lines  of  force  are  equal  for  any  sec- 
tion across  them  taken  anywhere  externally  between  the  poles 
(3109.).  Besides  that,  there  are  many  other  experimental  facts 
which  show  the  relation  and  connexion  of  the  forces  at  one  pole 
to  those  at  the  other* ;  and  there  is  also  the  analogy  with  static 
electrical  induction,  where  the  one  electricity  cannot  exist  \^dthout 
relation  to,  equality  with,  and  dependence  on  the  other.  Every 
dual  power  appears  subject  to  this  law  as  a  law  of  necessity.  If 
the  opposite  magnetic  forces  could  be  independent  of  each  other, 
then  it  is  evident  that  a  charge  with  one  magnetism  only  is  pos- 
sible ;  but  such  a  possibility  is  negatived  by  every  known  expe- 
riment and  fact. 

*  The  manner  in  which  a  large  powerful  magnet  deranges,  overpowers, 
and  even  inverts  the  magnetism  of  a  smaller  magnet,  when  it  is  brought 
near  it  in  different  directions  without  touching  it,  presents  a  number  of  such 
cases. 
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3258.  But  supposing  this  necessary  relation,  which  constitutes 
polarity,  to  exist,  then  how  is  it  sustained  or  permitted  in  the 
case  of  an  independent  bar-magnet  situated  in  free  space  ?  It 
appears  to  me,  that  the  outer  forces  at  the  poles  can  only  have 
relation  to  each  other  by  curved  lines  of  force  through  the  sur- 
rounding space ;  and  I  cannot  conceive  curved  lines  of  force 
without  the  conditions  of  a  physical  existence  in  that  interme- 
diate space.  If  they  exist,  it  is  not  by  a  succession  of  particles, 
as  in  the  case  of  static  electric  induction  (1215.  1231.),  but  by 
the  condition  of  space  free  from  such  material  particles.  A  mag- 
net placed  in  the  middle  of  the  best  vacuum  we  can  produce, 
and  whether  that  vacuum  be  formed  in  a  space  previously  occu- 
pied by  paramagnetic  or  diamagnetic  bodies,  acts  as  well  upon 
a  needle  as  if  it  were  surrounded  by  air,  water  or  glass ;  and 
therefore  these  lines  exist  in  such  a  vacuum  as  well  as  where 
there  is  matter. 

3259.  It  may  perhaps  be  said  that  there  is  no  proof  of  any 
outer  lines  of  force,  in  the  caae  of  a  magnet,  except  when  the 
objects  employed  experimentally  to  show  these  lines,  as  a  mag- 
netic needle,  soft  iron,  a  moving  wire,  or  a  ciystal  of  bismuth, 
are  present ;  that  these  bodies,  in  fact,  cause  and  develope  the 
lines ;  just  as  in  the  case  of  gravity  no  idea  of  a  line  of  gravita- 
ting force,  in  respect  of  a  particle  of  matter  by  itself,  can  be 
formed :  the  idea  exists  only  when  a  second  particle  is  concerned. 
We  are  dealing,  however,  ^vith  a  dual  power ;  and  we  know  that 
we  cannot  call  into  action,  by  magnetic  induction  upon  soft  iron 
or  by  electric  currents,  or  otherwise,  one  magnetism  without  the 
other.  Supposing,  therefore,  a  bar  of  soft  iron,  or  another  bar- 
magnet,  when  brought  end  on  and  near  to  the  first  magnet,  did 
by  that  approach  develope  the  external  force,  the  power  which 
then  only  would  become  external  should  produce  a  corresponding 
external  force  of  the  contrary  kind  at  the  opposite  extremity,  or 
should  not.  If  the  first  case  occurs,  it  should  be  accompanied 
by  the  development  of  lines  of  force  equivalent  to  it  within  the 
magnet.  But  I  think  we  know,  now,  that  in  a  veiy  hard  and 
perfect  magnet  there  is  no  change  of  this  kind  (3223.).  The  outer 
and  the  inner  lines  of  force  remain  the  same  in  amount,  whether 
the  secondaiy  magnet  or  the  soft  iron  is  present  or  away.  It  is 
the  disposition  only  of  the  outer  lines  that  is  changed  ;  their  sum, 
and  therefore  their  existence,  remains  the  same.  If  the  second 
case  occurs,  then  the  magnet,  if  broken  in  half  under  induction, 
should  ])resent  in  its  fragments  cases  of  absolute  magnetic  charge, 
or  charge  with  one  magnetism  only  (3257.  3261.). 

3260.  Or  if  it  be  imagined  for  a  moment,  that  the  two  polarities 
of  the  bar-magnet  are  in  relation  to  each  other,  but  that  whilst 
there  is  no  external  object  to  be  acted  upon  they  are  related  to 


the  Lines  of  Magnetic  Force.  409 

each  other  through  the  magnet  itself  (an  idea  very  difficult  to  con- 
ceive after  the  experimental  demonstration  of  the  course  of  the 
lines  as  closed  curves  (3117.3230.)),  still  it  would  follow^that  upon 
the  forces  being  determined  externally,  a  change  in  the  sum  of 
force  both  within  aud  without  the  magnet  should  be  caused.  We 
can  now,  however,  take  cognizance  of  both  these  portions  of  force ; 
and  it  appears  that,  with  a  good  magnet,  whether  alone  or  under 
the  influence  of  soft  iron  or  other  magnets  of  fourfold  strength, 
the  sum  of  forces  without  (3223.),  and  therefore  also  within 
(3117.  3121.)  the  magnet,  remains  the  same. 

3261.  If  the  northness  and  southness  be  considered  so  far 
independent  of  each  other  as  to  be  compared  to  two  fluids  dif- 
fused over  the  two  ends  of  the  magnet  (like  the  two  electricities 
over  a  polarized  conductor),  then  breaking  the  magnet  in  half 
ought  to  leave  the  two  parts,  one  absolutely  or  differentially  north 
in  character,  and  the  other  south.  Each  should  not  be  both 
north  and  south  in  equality  of  proportion,  considering  only  the 
external  force.  But  this  never  happens.  If  it  be  said  that  the 
new  fracture  renders  manifest,  externally,  two  new  poles,  oppo- 
site in  kind  but  equal  in  force  (which  is  the  fact),  because  of  the 
necessity  of  the  case,  then  the  same  necessity  exists  also  for  the 
dependence  and  relation  of  the  original  poles  of  the  original 
magnet,  no  matter  what  or  where  the  fii-st  source  of  the  power 
may  be.  But  in  that  case  the  curved.lines  of  force  between  the 
poles  of  the  original  magnet  follow  as  a  consequence ;  and  the 
curvature  of  these  lines  appears  to  me  to  indicate  their  physical 
existence. 

3262.  If  the  magnetic  poles  in  a  bar-magnet  be  supposed  to 
exert  some  kind  of  power  internally,  backward,  as  if  they  were 
centres  of  force,  both  within  aud  without  the  magnet,  by  which 
they  are  able,  upon  the  breaking  of  the  magnet,  to  develope  the 
contraiy  poles  and  their  force,  then  that  power  cannot  be  the 
identical  portion  which  is  at  the  same  time  exerted  externally ; 
and  if  not  the  same,  then  when  the  magnet  is  broken,  the  two 
halves  ought  to  have  a  degree  of  north  or  south  charge.  They 
ought  not  to  be  determinate  magnets  having  equipotential  poles. 
But  they  are  so;  and  we  may  break  a  hard  magnet  mAft//" whilst 
opposed  to  another  powerful  magnet  which  ought  most  to  disturb 
the  forces,  and  yet  the  broken  halves  are  perfect  magnets,  equi- 
valent in  their  polarities,  just  as  if,  when  they  were  made  by 
breaking,  the  dominant  magnet  was  away.  The  power  at  the 
old  poles  is  neither  increased  nor  diminished,  but  remains  in 
amount  and  in  polar  direction  unchanged. 

3263.  Falling  back,  therefore,  upon  the  case  of  a  hard,  well- 
made  and  well-charged  straight  bar-magnet,  subject  only  to  its  own 
powers,  it  appears  to  me  that  we  must  either  deny  the  joint  exter- 
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nal  relation  of  the  poles,  and  consider  them  as  having  no  mutual 
tendency  towards  or  action  upon  each  other,  or  else  admit  that 
there  is  such  an  action  exerted  in  or  transmitted  on  through  curved 
lines.  To  deny  such  an  action,  would  be  to  set  up  a  distinction 
between  the  action  of  the  north  end  of  a  bar  upon  its  south  end, 
and  its  action  upon  the  south  end  of  other  magnets,  which,  in 
the  face  of  all  the  old  experiments,  and  the  new  ones  made  with 
the  moving  wire  (3076.),  it  appears  to  me  impossible  to  admit. 
To  acknowledge  the  action  in  curved  lines,  seems  to  me  to  imply 
at  once  that  the  lines  have  a  physical  existence.  It  may  be  a 
vibration  of  the  hypothetical  a;ther,  or  a  state  or  tension  of  that 
sethcr  equivalent  to  either  a  dynamic  or  a  static  condition ;  or  it 
may  be  some  other  state,  which  though  difficult  to  conceive,  may 
be  equally  distinct  from  the  supposed  non-existence  of  the  line 
of  gravitating  force,  and  the  independent  and  separate  existence 
of  the  line  of  radiant  force  (3251.)*.  Still  the  existence  of  the 
state  does  not  appear  to  me  to  be  mere  assumption  or  hypo- 
thesis, but  to  follow  in  some  degree  as  a  consequence  of  the 
known  condition  of  the  force  concerned,  and  the  facts  dependent 
on  it. 

3264.  I  have  not  referred  in  the  foregoing  considerations  to 
the  view  I  have  recently  supported  by  experimental  evidence, 
that  the  lines  of  force,  considered  simply  as  rcprescntants  of  the 
magnetic  power  (3117.),  are  closed  curves,  passing  in  one  part 
of  their  course  through  the  magnet,  and  in  the  other  part  through 
the  space  around  it.  These  lines  are  identical  in  their  nature, 
qualities  and  amount,  both  within  the  magnet  and  N\dthout.  If 
to  these  lines,  as  formerly  defined  (3071.),  we  add  the  idea  of 
physical  existence,  and  then  reconsider  such  of  the  cases  which 
have  just  been  mentioned  as  come  under  the  new  idea,  it  will  be 
seen  at  once  that  the  probability  of  curved  external  lines  of  force, 
and  therefore  of  the  physical  existence  of  the  lines,  is  as  great, 
and  even  far  greater,  than  before.  For  now  no  back  action  in 
the  magnet  could  be  supposed ;  and  the  external  relation  and 
dependence  of  the  polarities  (3257.  3263.)  would,  if  it  were  pos- 
sible, be  even  more  necessary  than  before.  Such  a  view  w^ould 
tend  to  give,  but  not  necessarily,  a  djmamic  form  to  the  idea  of 
magnetic  force ;  and  its  close  relation  to  dynamic  electricity  is 
well  known  (3265.).  This  I  will  proceed  to  examine ;  but  before 
doing  so,  will  again  look  for  a -moment  at  static  electric  induc- 
tion, as  an  instance  of  the  dual  powers  in  mutual  dependence  by 
curved  lines  of  force,  but  with  these  lines  terminated,  and  not 
existing  as  closed  circuits.  An  electric  conductor  polarized  by 
induction,  or  an  insulated,  unconnected,  rectilineal,  voltaic  bat- 

*  See  Euler's  views  of  the  disposition  of  the  magnetic  force ;  also  of  the 
magnetic  fluid,  or  aether  and  its  streams.     Letters,  vol.  ii.  letters  62, 63. 
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teiy  presents  stich  a  case,  aud  resembles  a  magnet  in  tlie  dispo- 
sition of  the  external  lines  of  force.  But  the  sustaining  action 
(as  regards  the  induction)  being  dependent  upon  the  necessary 
relation  of  the  opposite  dual  conditions  of  the  force,  is  external 
to  the  conductor,  or  the  batteiy ;  aud  in  such  a  case,  if  the  con- 
ductor or  battery  be  separated  in  the  middle,  no  charge  appears 
there,  nor  any  origin  of  new  lines  of  inductive  force.  This  is, 
no  doubt,  a  consequence  of  the  fact,  that  the  lines  of  static  in- 
ductive force  are  not  continued  internally ;  and,  at  the  same  time, 
a  cause  why  the  two  divided  portions  remain  in  opposite  states 
or  absolutely  charged.  In  the  magnet  such  a  ch vision  dues  de- 
velope  new  external  lines  of  force ;  which  being  equal  in  amoimt 
to  those  dependent  on  the  original  poles,  shows  that  the  lines  of 
force  are  continuous  through  the  body  of  the  magnet,  and  with 
that  continuity  gives  the  necessaiy  reason  why  no  absolute 
charge  of  northness  or  southness  is  foimd  in  the  two  halves. 

3265.  The  well-known  relation  of  the  electric  and  magnetic 
forces  may  be  thus  stated.  Let  two  rings,  in  planes  at  right 
angles  to  each  other,  represent  them,  as  in  Plate  X.  fig.  1.  If 
a  cm'rent  of  electricity  be  sent  round  the  ring  E  in  the  direction 
marked,  then  lines  of  magnetic  force  will  be  produced,  corre- 
spondent to  the  polarity  indicated  by  a  supposed  magnetic 
needle  placed  at  NS,  or  in  any  other  part  of  the  ring  M  to  which 
such  a  needle  may  be  supposed  to  be  shifted.  As  these  rings 
represent  the  lines  of  electro-dynamic  force  and  of  magnetic 
force  respectively,  they  will  serve  for  a  standard  of  comparison. 
I  have  elsewhere  called  the  electric  ciuTent,  or  the  line  of  electro- 
dynamic  force,  "  an  axis  of  power  having  contrary  forces  exactly 
equal  in  amount  in  contraiy  directions"  (517.).  The  line  of 
magnetic  force  may  be  described  in  precisely  the  same  terms ;  and 
these  two  axes  of  power,  considered  as  right  lines,  are  perpendi- 
cular to  each  other ;  with  this  additional  condition,  which  deter- 
mines their  mutual  direction,  that  they  are  separated  by  a  right 
line  perpendicular  to  both.  The  meaning  of  the  words  above, 
when  applied  to  the  elective  current,  is  precise,  and  does  not 
imply  that  the  forces  are  contrary  because  they  are  in  reverse 
directions,  but  are  contrary  in  nature ;  the  tm'ning  one  round,  end 
for  end,  would  not  at  all  make  it  resemble  the  other;  a  consi- 
deration which  m..y  have  influence  with  those  who  admit  electric 
fluids,  and  endeavour  to  decide  whether  there  are  one  or  two 
electricities. 

3266.  AMien  these  two  axes  of  power  are  compared,  they  have 
some  remarkable  coiTCspondences,  especially  in  relation  to  their 
position  at  right  angles  to  each  other.  As  a  physical  fact,  Am- 
pere'i^  and  Davyt  have  shown,  that  an  electric  current  tends  to 

*  Ann.  deChim.,  1822,  vol.  xxi.  p.  47.         t  Phil.  Trans.  1823,  p.  153. 
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elongate  itself;  and,  so  far,  that  may  be  considered  as  marking 
a  character  of  the  electric  axis  of  power.  AMicn  a  free  magnetic 
needle  near  the  end  of  a  bar-magnet  first  points  and  then  tends 
to  approach  it,  I  see  in  the  action  a  character  of  the  contrary 
kind  in  the  magnetic  axis  of  power;  for  the  lines  of  magnetic 
lurcc,  which,  according  to  my  recent  researches,  are  common  to 
the  magnet  and  the  needle  (3230.),  are  shortened,  first  by  the 
motion  of  the  needle  when  it  points,  and  again  by  the  action 
which  causes  the  needle  to  approach  the  magnet.  I  think  I 
may  say,  that  all  the  other  actions  of  a  magnet  upon  magnets, 
or  soft  iron,  or  other  paramagnetic  and  diamagnetic  bodies,  are 
in  harmony  with  the  same  effect  and  conclusions. 

3267.  Again  : —  like  electric  currents,  or  lines  of  force,  or 
axes  of  power,  when  placed  side  by  side,  attract  each  other. 
This  is  well  known  and  well  seen,  when  wires  carrying  such  cur- 
rents are  placed  parallel  to  each  other.  But  like  magnetic  axes 
of  power  or  lines  of  force  repel  each  other :  the  parallel  case  to 
that  of  the  electric  currents  is  given,  by  placing  two  magnetic 
needles  side  by  side  with  like  poles  in  the  same  direction ;  and 
by  the  use  of  iron  filings,  numerous  pictorial  representations 
(3234.)  of  the  same  general  result  may  be  obtained. 

3268.  Now  these  effects  are  not  merely  contrasts  continued 
through  two  or  more  difierent  relations,  but  they  are  contrasts 
which  coincide  when  the  positioQ  of  the  two  axes  of  power  at  right 
angles  to  each  other  are  considered  (1659. 3265.).  The  tendency 
to  elongate  in  the  electric  current,  and  the  tendency  to  lateral 
separation  of  the  magnetic  lines  of  force  which  surround  that 
current,  are  both  tendencies  in  the  same  direction,  though  they 
seem  like  contrasts,  when  the  two  axes  are  considered  out  of 
their  relation  of  mutual  position;  and  this,  with  other  consi- 
derations to  be  immediately  referred  to,  probably  points  to  the 
intimate  physical  relation,  and  it  may  be,  to  the  oneness  of  con- 
dition of  that  which  is  apparently  two  powers  or  forms  of  power, 
electric  and  magnetic.  In  that  case  many  other  relations,  of 
which  the  following  are  some  forms,  will  merge  in  the  same 
result.  Thus,  unlike  magnetic  lines,  when  end  on,  repel  each 
other,  as  when  similar  poles  are  face  to  face ;  and  unlike  electric 
currents,  if  placed  in  the  same  relation,  stop  each  other ;  or  if 
raised  in  intensity,  when  thus  made  static,  repel  each  other. 
Like  electric  currents  or  lines  of  force,  when  end  on  to  each 
other,  coalesce;  like  magnetic  lines  of  force  similarly  placed  do 
so  too  (3266.  3295.).  Like  electric  currents,  end  to  end,  do  not 
add  their  sums ;  but  whilst  there  is  no  change  in  quantity,  the 
intensity  is  increased.  Like  magnetic  lines  of  force  similarly 
placed  do  not  increase  each  other,  for  the  power  then  also  re- 
mains the  same  (3218.) :  perhaps  some  effect  correspondent  to 
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the  gain  of  intensity  in  the  former  case  may  be  produced^  but 
there  is  none  as  yet  distinctly  recognised.  Like  electric  currents, 
side  by  side,  add  their  quantities  together ;  a  case  supplied  either 
by  uniting  several  batteries  by  their  like  ends,  or  comparing  a 
large  plate  battery  ^nth  a  small  one.  Like  magnetic  lines  of 
force  do  the  same  (323.2.). 

3269.  The  mutual  relation  of  the  magnetic  lines  of  force  and 
the  electric  axis  of  power  has  been  known  ever  since  the  time  of 
(Ersted  and  Ampere.  This,  with  such  considerations  as  I  have 
endeavoured  to  advance,  enables  us  to  fomi  a  guess  or  judgement, 
with  a  certain  degree  of  probability,  respecting  the  nature  of  the 
lines  of  magnetic  force.  I  incline  to  the  opinion  that  they  have 
a  physical  existence  correspondent  to  that  of  their  analogue,  the 
electric  lines ;  and  having  that  notion,  am  further  carried  on  to 
consider  whether  they  have  a  probable  djmamic  condition,  ana- 
logous to  that  of  the  electric  axis  to  which  they  are  so  closely 
and,  perhaps,  inevitably  related,  in  which  case  the  idea  of  mag- 
netic currents  would  arise ;  or  whether  they  consist  in  a  state  of 
tension  (of  the  fether  ?)  round  the  electric  axis,  and  may  there- 
fore be  considered  as  static  in  their  nature.  Again  and  again 
the  idea  of  an  electro-tonic  state  (60.  1114.  1661.  1729.  1733.) 
has  been  forced  on  my  mind ;  such  a  state  would  coincide  and 
become  identified  with  that  which  would  then  constitute  the 
physical  lines  of  magnetic  force.  Another  consideration  tends 
in  the  same  direction.  I  formerly "  remarked  that  the  mag- 
netic equivalent  to  static  electricity  was  not  known ;  for  if  the 
undeveloped  state  of  electric  force  correspond  to  the  like  unde- 
veloped condition  of  magnetic  force,  and  if  the  electric  cm-rent 
or  axis  of  electric  power  correspond  to  the  lines  of  magnetic  force 
or  axis  of  magnetic  power,  then  there  is  no  known  magnetic  con- 
dition which  corresponds  to  the  static  state  of  the  electric  power 
(1734.).  Now  assuming  that  the  physical  lines  of  magnetic 
force  are  currents,  it  is  very  unlikely  that  such  a  link  should  be 
naturally  absent ;  more  unlikely,  I  think,  than  that  the  magnetic 
condition  should  depend  upon  a  state  of  tension ;  the  more  espe- 
cially as,  under  the  latter  supposition,  the  lines  of  magnetic 
power  would  have  a  physical  existence  as  positively  as  in  the 
former  case,  and  the  curved  condition  of  the  lines,  which  seems 
to  me  such  a  necessaiy  admission,  according  to  the  natm-al  facts, 
would  become  a  possibility. 

3270.  The  considerations  which  arise  during  the  contempla- 
tion of  the  phenomena  and  laws  that  are  made  manifest  in  the 
mutual  action  of  magnets,  currents  of  electricity,  and  moving 
conductors  (3084,  &c.),  are,  I  think,  altogether  in  favour  of  the 
physical  existence  of  the  lines  of  magnetic  force.  When  only  a 
single  magnet  is  employed  in  such  cases,  and  the  use  of  iron  or 
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paramagnetic  bodies  is  dismissed,  then  there  is  .no  effect  of 
attraction  or  re])ulsion,  or  any  ordinary  magnetic  result  produced. 
The  phaenomena  may  all  very  fairly  be  looked  upon  as  j)urely 
electrical,  for  they  are  such  in  character ;  and  if  they  coincide 
with  magnetic  actions  (which  is  no  doubt  the  case),  it  is  pro- 
bably because  the  two  actions  are  one.  But  being  considered 
as  electrical  actions,  they  convey  a  different  idea  of  the  condition 
of  the  field  where  they  occur,  to  that  involved  in  the  thought  of 
magnetic  action  at  a  distance.  ^Yhen  a  copper  wire  is  placed  in 
the  neighbourhood  of  a  bar-magnet,  it  does  not,  as  far  as  we  are 
aware  (by  the  evidence  of  a  magnetic  needle  or  other  means), 
disturb  in  the  least  degree  the  disposition  of  the  magnetic  forces, 
either  in  itself  or  in  surrounding  space.  When  it  is  moved  across 
the  lines  of  force,  a  current  of  electricity  is  developed  in  it,  or 
tends  to  be  developed ;  and  there  is  every  reason  to  believe,  that 
if  we  could  employ  a  perfect  conductor,  and  obtain  a  perfect 
result,  it  would  be  the  full  equivalent  to  the  force,  electric  or 
magnetic,  which  is  exerted  in  the  place  occupied  by  the  con- 
ductor. But,  as  I  have  elsewhere  observed  (3172.),  this  cur- 
rent, having  its  full  and  equivalent  relation  to  the  magnetic 
force,  can  hardly  be  conceived  of  as  having  its  entire  foundation 
in  the  mere  fact  of  motion.  The  motion  of  an  external  body, 
otherwise  physically  indifferent,  and  ha\'ing  no  relation  to  the 
magnet,  could  not  beget  a  physical  relation  such  as  that  which 
the  moving  wire  presents.  There  must,  I  think,  be  a  })reviou3 
state,  a  state  of  tension  or  a  static  state,  as  regards  the  wire, 
which,  when  motion  is  superadded,  produces  the  dynamic  state 
or  current  of  electricity.  This  state  would  constitute  and  give 
a  physical  existence  to  the  lines  of  magnetic  force,  and  permit 
the  occurrence  of  curvature  or  its  equivalent  external  relation  of 
poles,  and  also  the  various  other  conditions,  which  I  conceive 
are  incompatible  with  mere  action  at  a  distance,  and  which  yet 
do  exist  amongst  magnetic  phsenomena. 

3271.  All  the  phsenomena  of  the  moving  wire  seem  to  me  to 
show  the  physical  existence  of  an  atmosphere  of  povvcr  about  a 
magnet,  which,  as  the  power  is  antithetical,  and  marked  in  its 
direction  by  the  lines  of  magnetic  force,  may  be  considered  as 
disposed  in  sphondyloids,  determined  by  the  lines,  or  rather 
shells  of  force*.     As  the  wire  intersects  the  lines  within  a  given 

*  The  lines  of  magnetic  force  have  been  already  defined  (3071. )•  They 
have  also  been  traced,  as  I  think,  and  shown  to  be  closed  curv'es  passing 
in  one  part  of  their  course  through  the  magnet  to  which  they  belong,  and 
in  the  other  part  through  sj)ace  (3117.).  If>  i"  the  case  of  a  straight  bar- 
magnet,  any  one  of  these  lines,  E,  be  considered  as  revolving  round  the  axis 
of  the  magnet,  it  will  describe  a  surface;  and  as  the  line  itself  is  a  closed 
curve,  the  surface  will  form  a  tube  round  the  axis  and  inclose  a  solid  form. 
Another  line  of  force,  F,  will  produce  a  similar  result.     The  sphoudyloid 
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spiiondyloid  external  to  the  magnet,  a  current  of  electricity  is 
generated,  and  that  current  is  detinite  and  the  same  for  any  or 
every  intersection  of  the  given  sphoudyloid.  At  the  same  time, 
whether  the  wire  be  quiescent  or  in  motion,  it  does  not  cause 
derangement,  or  expansion,  or  contraction  of  the  lines  of  force ; 
the  state  of  the  power  in  the  neighbouring  or  other  parts  of  the 
sphondyloid  remaining  sensibly  the  same  (3176.). 

3272.  The  old  experiment  of  a  wire  when  carrying  an  electric 
cmTent"^  moving  round  a  magnetic  pole,  or  of  a  current  being- 
produced  in  the  same  wire  when  it  is  carried  per  force  round  the 
same  pole  (114.),  shows  the  electrical  dependence  of  the  magnet 
and  the  wire,  both  when  the  current  is  employed  from  the  first, 
and  when  it  is  generated  by  the  motion.  It  coincides  in  prin- 
ciple with  the  results  already  quoted,  and  it  includes,  experiment- 
ally, all  cm-rents  of  electricity,  whatever  the  medium  in  which 
they  occur,  even  up  to  the  discharge  of  the  Leyden  jar  and  that 
between  the  electrodes  of  the  voltaic  battery.  I  think  it  also 
indicates  the  state  of  magnetic  or  electric  tension  in  the  sur- 
rounding space,  not  only  when  that  space  is  occupied  by  metal 
or  a  wu-e,  but  also  by  air  and  other  bodies ;  for  whatever  be  the 
state  in  one  case,  it  is  probably  general  and  therefore  common 
to  all  (3173.). 

3273.  I  will  now  ventiu-e  for  a  time  to  assume  the  physical 
existence  of  the  external  lines  of  magnetic  force,  for  the  purpose 
of  considering  how  the  idea  will  accord  with  the  general  phaeno- 
mena  of  magnetism.  The  magnet  is  evidently  the  sustaining 
power,  and  in  respect  of  its  internal  condition  or  that  of  its  par- 
ticles, there  is  no  idea  put  forth  to  represent  it  which  at  all  ap- 
proaches in  probability  and  beauty  to  that  of  Ampere  (1659.). 
Its  analogy  \\ith  the  helix  is  wonderful ;  nevertheless  there  is, 
as  yet,  a  striking  experimental  distinction  between  them ;  for 
whereas  an  unchangeable  magnet  can  never  raise  up  a  piece 
of  soft  iron  to  a  state  more  than  equal  to  its  own,  as  measured 
by  the  mo^■ing  wire  (3219.),  a  helix  can-ying  a  current  can  de- 
velope  in  an  iron  core  magnetic  lines  of  force,  of  a  hundi-ed  or 
more  times  as  much  power  as  that  possessed  by  itself,  when 
measured  by  the  same  means.  In  every  point  of  view,  therefore, 
the  magnet  deserves  the  utmost  exertions  of  the  philosopher  for 

body  may  be  either  that  contained  by  the  siu-face  of  revolution  of  E,  or 
that  contained  between  the  two  sui-faces  of  E  and  F,  and  whicb,  for  the 
sake  of  brevity,  I  have  (by  the  advice  of  a  kind  friend)  called  simply  the 
sphondyloid.  The  paits  of  the  sohd  described,  which  are  within  and  with- 
out the  magnet,  are  in  power  equivalent  to  each  other.  When  it  is  needfid 
to  speak  of  them  separately,  they  are  easily  tlistinguished  as  the  inner  and 
outer  sphondyloids ;  the  surface  of  the  magnet  being  then  part  of  the 
bounding  surface. 

*  Experimental  Researches,  8vo  edition,  vol.  ii.  p.  127. 
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the  development  of  its  nature,  both  as  a  magnet  and  also  as  a 
source  of  electricity,  that  we  may  become  acquainted  with  the 
great  law  under  which  the  ap])arent  anomaly  may  disappear,  and 
by  which  all  these  various  phsenomena  presented  to  us  shall 
become  one. 

327 1.  The  physical  lines  of  force,  in  passing  out  of  the  magnet 
into  space,  present  a  great  variety  of  conditions  as  to  form 
(3238.).  At  times  their  refraction  is  very  sudden,  leaving  the 
magnet  at  right,  or  obtuse,  or  acute  angles,  as  in  the  case  of  a 
hard  well-charged  bar-magnet,  fig.  2 ;  in  other  cases  the  change 
of  form  of  the  line  in  passing  from  the  magnet  into  space  is  more 
gradual,  as  iu  the  circular  plate  or  globe-magnet,  tigs.  3,  4,  5. 
Here  the  form  of  the  magnet  as  the  source  of  the  lines,  has  much 
to  do  with  the  result ;  but  I  think  the  condition  and  relation  of 
the  surrounding  medium  has  an  essential  and  evident  influence, 
in  a  manner  I  will  endeavour  to  point  out  presently.  Again, 
this  refraction  of  the  lines  is  affected  by  the  relative  difference  of 
the  nature  of  the  magnet  and  the  medium  or  space  around  it ;  as 
the  difference  is  greater,  and  therefore  the  transition  is  more 
sudden,  so  the  line  of  force  is  more  instantaneously  bent.  In 
the  case  of  the  earth,  both  the  nature  of  its  substance  and  also 
its  form,  tend  to  make  the  refractions  of  the  line  of  force  at  its 
surface  very  gradual ;  and  accordingly  the  line  of  dip  docs  not 
sensibly  vary  under  ordinary  circumstances  at  the  same  place, 
whether  it  be  observed  upon  the  surface  or  above  or  below  it. 

3275.  Though  the  physical  lines  of  force  of  a  magnet  may,  and 
must  be  considered  as  extending  to  infinite  distance  around  it  as 
long  as  the  magnet  is  absolutely  alone  (3110.),  yet  they  may 
be  condensed  and  compressed  into  a  very  small  local  space,  by 
the  influence  of  other  systems  of  magnetic  power.  This  is  indi- 
cated by  fig.  6.  I  have  no  doubt,  after  the  experimental  results 
given  in  Series  xxviii.,  respecting  definite  magnetic  action  (3109.), 
that  the  sphondyloid  representing  the  total  power,  which  in  the 
experiment  that  supplied  the  figure  had  a  sectional  area  of  not 
two  square  inches  in  surface,  would  have  equal  power  upon  the 
moving  wire,  with  that  infinite  sphondyloid  which  woidd  exist  if 
the  small  magnet  were  in  free  space. 

3276.  The  magnet,  with  its  surrounding  sphondyloid  of  power, 
may  be  considered  as  analogous  in  its  condition  to  a  voltaic 
battery  immersed  in  water  or  any  other  electrolyte;  or  to  a  gym- 
notus  (1773,  1784.)  or  torpedo,  at  the  moment  when  these 
creatures,  at  their  own  will,  fill  the  surrounding  fluid  with  lines 
of  electric  force.  I  think  the  analogy  with  the  voltaic  battery 
so  placed,  is  closer  than  with  any  case  of  static  electric  induction, 
because  in  the  former  instance  the  physical  lines  of  electric  force 
may  be  traced  both  through  the  battery  and  surrounding  me- 


t?ie  Lines  of  Magnetic  Force.  417 

dium,  for  they  form  continuous  curves  like  those  I  have  imagined 
within  and  without  the  magnet.  The  direction  of  these  Hues  of 
electric  force  may  be  traced,  experimentally,  many  ways.  A  mag- 
netic needle  freely  suspended  in  the  tluid  will  show  them  in  and 
near  to  the  batteiy,  by  standing  at  right  angles  to  the  course  of 
the  lines.  Two  wires  from  a  galvanometer  will  show  them ;  for 
if  the  line  joining  the  two  ends  in  the  fluid  be  at  right  angles 
to  the  lines  of  electric  force  (or  the  currents),  there  -nill  be  no 
action  at  the  galvanometer ;  but  if  oblique  or  parallel  to  these 
lines,  there  will  be  deflection.  A  plate,  or  ^ire,  or  ball  of 
metal  in  the  fluid  will  show  the  direction,  provided  any  electro- 
lytic action  can  go  on  against  it,  as  when  a  little  acetate  of  lead 
is  present  in  the  medium,  for  then  the  electrolysis  will  be  a  max- 
imum in  the  direction  of  the  cm*rent  or  line  of  force,  and  nothing 
at  all  in  the  direction  at  right  angles  to  it.  The  same  ball  will 
disturb  and  inflect  the  lines  of  electric  force  in  the  surrounding 
fluid,  just  as  I  have  considered  the  case  to  be  with  paramagnetic 
bodies  amongst  magnetic  lines  of  force  (2806.  2821.  2874.). 
No  one  I  think  will  doubt  that  as  long  as  the  battery  is  in  the 
fluid,  and  has  its  extremities  in  communication  by  the  fluid,  lines 
of  electric  force  ha\ing  a  physical  existence  occur  in  every  part 
of  it,  and  the  fluid  surrounding  it. 

3277.  I  conceive  that  when  a  magnet  is  in  free  space,  there  is 
such  a  medium  (magnetically  speaking)  around  it.  That  a  va- 
cuum has  its  own  magnetic  relations  of  attraction  and  repulsion 
is  manifest  from  former  experimental  results  (2787.) ;  and  these 
place  the  vacuum  in  relation  to  material  bodies,  not  at  either 
extremity  of  the  list,  but  in  the  midst  of  them,  as,  for  instance, 
between  gold  and  platina  (2399.),  haWng  other  bodies  on  either 
side  of  it.  What  that  outer  magnetic  medium,  deprived  of  all 
material  substance,  may  be,  I  cannot  tell,  perhaps  the  sether.  I 
incline  to  consider  this  surrounding  or  outer  medium  as  essential 
to  the  magnet ;  that  it  is  that  which  relates  the  external  polari- 
ties to  each  other  by  ciuwed  lines  of  power ;  and  that  these  must 
be  so  related  as  a  matter  of  necessity.  Just  as  in  the  case  of  the 
battei-y  above,  there  is  no  line  of  force,  either  in  or  out  of  the 
batteiy,  if  this  relation  be  cut  off  by  removing  or  intercepting 
the  conducting  medium,  or  in  that  of  static  electric  induction, 
which  is  impossible  until  this  related  state  be  allowed  (1169.)* ; 
so  in  like  manner  I  conceive,  that  Avithout  this  external  mutually 
related  condition  of  the  poles,  or  a  related  condition  of  them  to 
other  poles  sustained  and  rendered  possible  in  like  manner,  a 
magnet  could  not  exist ;  an  absolute  northness  or  southness,  or  an 
unrelated  northness  or  southness,  being  as  impossible  as  an  abso- 
lute or  an  unrelated  state  of  positive  or  negative  electricity  (1178.). 

*  Philosophical  Magazine,  March  1843;  or  Experimental  Researches, 
8vo,  vol.  u.  p.  279. 
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3278.  In  this  view  of  a  magnet,  the  medium  or  space  around 
it  is  as  essential  as  the  magnet  itself,  being  a  part  of  the  true 
and  complete  magnetic  system.  There  are  numerous  experi- 
mental results  which  show  us  that  the  relation  of  the  surrounding 
space  can  be  varied  by  occupying  it  with  diflferent  substances ; 
just  as  the  relation  of  a  ray  of  light  to  the  space  through  which 
it  passes  can  be  varied  by  the  presence  of  different  bodies  made 
to  occupy  that  space,  or  as  the  lines  of  electric  force  are  affected 
by  the  media  through  which  either  induction  or  conduction  takes 
place.  This  variation  in  regard  to  the  magnetic  power  may  be 
considered  as  depending  upon  the  aptitude  which  the  sui'rounding 
space  has  to  effect  the  mutual  relation  of  the  two  external  pola- 
rities, or  to  carry  onwards  the  physical  line  of  force ;  and  I  have 
on  a  former  occasion  in  some  degree  considered  it  and  its  con- 
sequences, using  the  phrase  magnetic  conduction  to  represent  the 
physical  effect  (2797.)  produced  by  the  presence  either  of  para- 
magnetic or  diamagnetic  bodies. 

3279.  AMien,  for  instance,  a  piece  of  cold  iron  (3129.)  or 
nickel  (3240.)  is  introduced  into  the  magnetic  field,  previously 
occupied  by  air  or  being  even  mere  space,  there  is  a  concentration 
of  lines  of  force  on  to  it,  and  more  power  is  transmitted  through 
the  space  thus  occupied  than  if  the  paramagnetic  body  were  not 
there.  The  lines  of  force,  therefore,  converge  on  to  or  diverge 
from  it,  ginng  what  I  have  called  conduction  polarity  (2818.) ; 
and  this  is  the  whole  effect  produced  as  regards  the  amount  of 
the  power ;  for  not  the  slightest  addition  to,  or  diminution  of, 
that  external  to  the  magnet  is  made  (3218.  3223.).  A  new  dis- 
position of  the  force  arises ;  for  some  passes  now  where  it  did 
not  pass  before,  being  removed  from  places  where  it  was  previ- 
ously transmitted.  Supposing  that  the  magnet  was  inclosed  in 
a  surrounding  solid  mass  of  iron,  then  the  effect  of  its  supenor 
conducting  power  would  be  to  cause  a  great  contraction  inwards 
of  the  sphere  of  external  action,  and  of  the  various  sphondyloids, 
which  we  may  suppose  to  be  identified  in  different  parts  of  it. 
A  magnetic  needle,  if  it  could  be  introduced  into  the  iron  medium, 
would  indicate  extreme  diminution,  if  not  apparent  annihilation, 
of  the  external  power  of  this  magnet ;  but  the  mo\ing  wire  would 
show  that  it  was  there  present  to  its  full  extent  (3152.  3162.)  in  a 
very  concentrated  condition,  just  as  it  shows  it  in  the  very  body 
of  a  magnet  (3116.) ;  and  the  power  within  the  magnet,  it  being 
a  hard  and  perfect  one,  would  remain  the  same. 

3280.  The  reason  why  a  magnetic  needle  would  fail  as  a  cor- 
rect indicator  of  the  amount  of  power  present  in  a  given  space 
is,  that  when  perfect,  it,  because  of  the  necessary  condition  of 
hardness,  cannot  cany  on  through  its  mass  more  lines  of  force 
than  it  can  excite  f  3223.) .     But  because  of  the  coalescence  of  like 
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lines  of  force  end  on  (3226.),  such  a  needle,  when  surrounded  by 
a  bad  magnetic  conductor,  determines  on  to  itself  many  of  the 
lines  which  would  otherwise  pass  elsewhere,  has  a  high  magnetic 
polarity,  and  is  affected  in  proportion ;  eveiy  experiment,  as  far 
as  I  can  perceive,  tending  to  show  that  the  attractions  and  repul- , 
sions  are  merely  consequences  of  the  tendency  which  the  lines 
of  physical  magnetic  force  have  to  shorten  themselves  (3266.). 
So  when  the  magnetic  needle  is  surrounded  by  a  medium  gra- 
dually increasing  in  conducting  power,  it  seems  to  show  less 
and  less  force  in  its  locality,  though  in  reality  the  force  is 
increasing  there  more  and  more.  We  can  easily  conceive  a 
veiy  hard  and  feebly  charged  magnetic  needle  sm-rounded  by 
a  medium,  as  soft  iron,  better  than  itself  in  conducting  power, 
i.  e.  carrying  on  by  conduction  more  hues  of  force  than  the 
needle  could  determine  or  carry  on  by  its  state  of  charge  (3298.), 
In  that  case  I  conceive  it  would,  if  free  to  move,  point  feebly  in 
the  iron,  because  of  the  coalescence  of  the  lines  of  force,  but 
would  be  repelled  bodily  from  the  chief  magnet,  in  analogy  with 
the  action  on  a  diamagnetic  body.  As  I  have  before  stated,  the 
principle  of  the  moving  wire  can  be  applied  successfully  in  those 
cases  where  that  of  the  magnetic  needle  fails  (3155.). 

3281.  If  other  paramagnetic  bodies  than  iron  be  considered 
in  their  relation  to  the  surrounding  space,  then  their  effects  may 
be  assumed  as  proportionate  to  the  conducting  power.  If  the 
surrounding  medium  were  hard  steel,  the  contraction  of  the 
sphondyloid  of  power  would  be  much  less  than  with  iron ;  and 
the  effects,  in  respect  of  the  magnetic  needle,  would  occur  in  a 
limited  degree.  If  a  solution  of  protosulphate  of  iron  were  used, 
the  effect  would  occur  in  a  very  much  less  degree.  If  a  solution 
were  prepared  and  adjusted  so  as  to  have  no  paramagnetic  or 
diamagnetic  relation  (2422.),  it  would  be  the  same  to  the  lines 
of  force  as  free  space.  If  a  diamagnetic  body  were  employed,  as 
water,  glass,  bismuth  or  phosphorus,  the  extent  of  action  of  the 
sphondyloids  would  expand  (3279.) ;  and  a  magnetic  needle 
would  appear  to  increase  in  intensity  of  action,  though  placed 
in  a  region  having  a  smaller  amount  of  magnetic  force  passing 
across  it  than  before  (3155.).  Whether  in  any  of  these  cases, 
even  in  that  of  iron,  the  body  acting  as  a  conductor  has  a  state 
induced  upon  its  particles  for  the  time  like  that  of  a  magnet  in 
the  corresponding  state,  is  a  question  which  I  put  upon  a  former 
occasion  (2833.) ;  but  I  leave  its  full  investigation  and  decision 
for  a  future  time. 

3282.  The  circumstances  dependent  upon  the  shape  and  size 
of  magnets  appear  to  accord  singularly  well  with  the  view  I  am 
putting  forth  of  the  action  of  the  surrounding  medium.     If  there 
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be  a  function  in  that  medium  equivalent  to  conduction,  involving 
differences  of  conduction  in  diflFerent  cases,  that  of  necessity  im- 
plies also  reaction  or  resistance.  The  diflferences  could  not  exist 
without.  The  analogous  case  is  presented  to  us  in  every  part 
by  the  electric  force.  AVhen,  therefore,  a  magnet,  in  place  of 
being  a  bar,  is  made  into  a  horseshoe  form,  we  see  at  once  that 
the  lines  of  force  and  the  sphondyloids  are  greatly  distorted  or 
removed  from  their  former  regularity ;  that  a  line  of  maximinn 
force  from  pole  to  pole  grows  up  as  the  horseshoe  form  is  more 
completely  given ;  that  the  power  gathers  in,  or  accumulates 
about  this  line,  just  because  the  badly  conducting  medium,  i.  e. 
the  space  or  air  between  the  poles,  is  shortened.  A  bent  voltaic 
battery  in  its  surrounding  medium  (3270.),  or  a  gyranotus  curved 
at  the  moment  of  its  peculiar  action  (1785.),  present  exactly  the 
like  result. 

3283.  The  manner  in  which  the  keeper  or  sub-magnet,  when 
in  place,  reduces  the  power  of  the  magnet  in  the  space  or  air 
around,  is  evident.  It  is  the  substitution  of  an  excellent  conductor 
for  a  poor  one ;  far  more  of  the  power  of  the  magnet  is  trans- 
mitted through  it  than  through  the  same  space  before,  and  less, 
therefore,  in  other  places.  If  a  horseshoe  magnet  be  charged 
to  saturation  with  its  keeper  on,  and  its  power  be  then  ascer- 
tained, removing  the  keeper  will  cause  the  power  to  fall.  This 
will  be  (according  to  the  hj-pothesis)  because  the  iron  keeper 
could,  by  its  conduction,  sustain  higher  external  conditions  of 
the  magnetic  force,  and  therefore  the  magnet  could  take  up  and 
sustain  a  higher  condition  of  charge.  The  case  passes  into  that 
of  a  steel  ring  magnet,  which  being  magnetized,  shows  no  ex- 
ternal signs  of  power,  because  the  lines  of  force  of  one  part  are 
continued  on  by  every  other  part  of  the  ring;  and  yet  when 
broken  exhibits  strong  polarity  and  external  action,  because  then 
the  lines,  which,  being  determined  at  a  given  point,  were  before 
carried  on  through  the  continuous  magnet,  have  now  to  be  earned 
on  and  continued  through  the  surrouncUng  space. 

3284-.  These  results,  again,  pass  into  the  fact,  easily  verified 
partially,  that  if  soft  iron  surround  a  magnet,  being  in  contact 
with  its  poles,  that  magnet  may  receive  a  much  higher  charge 
than  it  can  take,  being  smi'ouuded  with  a  lower  paramagnetic 
substance,  as  air :  also  another  fact,  that  when  masses  of  soft 
ii'ou  are  at  the  ends  of  a  magnet,  the  latter  can  receive  and  keep 
a  higher  charge  than  without  them ;  for  these  masses  carry  on 
the  physical  lines  of  force,  and  deliver  them  to  a  body  of  sur- 
rounding space ;  which  is  either  Mideued,  and  therefore  increased 
in  the  direction  across  the  lines  of  force,  or  shortened  in  that 
direction  parallel  to  them,  or  both ;  and  both  are  circumstances 
which  facilitate  the  conduction  from  pole  to  pole,  and  the  relation 
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of  the  external  lines  to  the  lines  of  force  within  the  magnet.  In 
the  same  way  the  armature  of  a  natural  loadstone  is  useful.  All 
these  effects  and  expedients  accord  with  the  view^  that  the  space 
or  medium  external  to  the  magnet  is  as  important  to  its  exist- 
ence as  the  body  of  the  magnet  itself. 

3285.  Magnets,  whether  large  or  small,  may  be  supersaturated, 
and  then  they  fall  in  power  when  left  to  themselves;  quickly  at 
first  if  strongly  supersaturated,  and  more  slowly  afterwards.  This, 
upon  the  hypothesis,  would  be  accounted  for  by  considering  the 
surrounding  medium  as  unable,  by  its  feeble  magneto-conducting 
power,  to  sustain  the  higher  state  of  charge.  If  the  conducting 
power  were  increased  sutiieiently,  then  the  magnet  would  not  be 
supersaturated,  and  its  power  would  not  fall.  Thus,  if  a  magnet 
were  surrounded  by  iron,  it  might  easily  be  made  to  assume  and 
retain  a  state  of  charge,  which,  if  the  iron  were  suddenly  replaced 
by  air,  would  instantly  fall.  Indeed,  magnets  can  only  be  su- 
persatm'ated  by  placing  them  for  the  time  undtr  the  dominion 
of  other  sources  of  magnetic  power,  or  of  other  more  favourable 
surrounding  media  than  that  in  which  they  manifest  themselves 
as  supersaturated. 

3286.  The  well-known  result,  that  small  bar-magnets  are  far 
stronger  in  pro^Jortion  to  their  size  than  larger  similar  magnets, 
harmonizes  and  sustains  that  view  of  the  action  of  the  external 
medium  which  has  now  been  taken.  A  sewing-needle  can  be 
magnetized  far  more  strongly  than  a  bar  twelve  inches  long  and 
an  inch  in  diameter ;  and  the  reason  under  the  view  taken  is, 
that  the  excited  system  in  the  magnet  (correspondent  to  the  vol- 
taic batteiy  in  the  analogy  quoted  (3276.))  is  better  sustained 
by  the  necessary  conjoint  action  of  the  surrounding  medium  in 
the  case  of  the  small  magnet.  For  as  the  imperfect  magneto- 
conducting  power  of  that  medium  (or  the  consequent  state  of 
tension  into  which  it  is  thrown)  acts  back  upon  the  magnet 
(3282.),  so  the  smaller  the  sum  of  exciting  force  in  the  centre 
of  the  magnetic  sphondyloids,  the  better  able  will  the  surround 
ing  medium  be  to  do  its  part  in  sustaining  the  resultant  of  force. 
It  is  very  manifest,  that  if  the  twelve-inch  bar  be  conceived  of  as 
subdivided  into  sewing-needles,  and  these  be  separated  from  each 
other,  the  whole  amount  of  exciting  force  acts  upon,  and  is  car- 
ried onwards  in  closed  magnetic  curves,  by  a  very  much  larger 
amount  of  external  surroimding  medium  than  when  they  are  all 
accumulated  in  the  single  bar. 

3287.  The  results  which  have  been  observed  in  the  relation 
of  length  and  thickness  of  a  bar-magnet,  harmonize  with  the  view 
of  the  office  of  the  external  medium  now  m'ged.  If  we  take  a 
small,  well-proportioned,  saturated  magnet,  as  a  sewing-needle ; 
alone,  it  has,  as  just  stated,  such  relation  to  the  surrounding 
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space  as  to  have  its  high  condition  sustained;  if  we  place  a 
second  hke  magnetic  needle  by  the  side  of  the  first,  the  surround- 
ing space  of  the  two  is  scarcely  enlarged,  it  is  not  at  all  improved 
in  conducting  character,  and  yet  it  has  to  sustain  double  the  in- 
ternal exciting  magnetic  force  exerted  when  there  was  one  needle 
only  (3232) ;  this  must  react  back  upon  the  magnets,  and  cause  a 
reduction  of  their  power.  The  addition  of  a  third  needle  repeats 
the  effect ;  and  if  we  conceive  that  successive  needles  are  added 
until  the  bundle  is  an  inch  thick,  we  have  a  result  which  will 
iUustrate  the  effect  of  a  thickness  too  large,  and  disproportionate 
to  the  length, 

3288.  On  the  other  hand,  if  we  assume  two  such  needles 
similarly  placed  in  a  right  line  at  a  distance  from  each  other, 
each  has  its  surrounding  system  of  curves  occupying  a  certain 
amount  of  space ;  if  brought  together  by  unlike  poles,  they  form 
a  magnet  of  double  the  length ;  the  external  lines  of  force  co- 
alesce (3226.),  those  at  the  faces  of  contact  nearly  disappear; 
those  which  proceed  from  the  extreme  poles  coalesce  externally, 
and  form  one  large  outer  system  of  force,  the  lines  of  which  have 
a  greater  length  than  the  corresponding  lines  of  either  of  the 
two  original  needles.  Still,  by  the  supposition  that  the  magnets 
are  perfectly  hard  and  invariable,  the  exciting  force  within  re- 
mains, or  tends  to  remain  the  same  (3227.)  in  quantity,  there 
is  nothing  to  increase  it.  The  increase  in  length,  therefore,  of 
the  external  circuit,  which  acts  as  a  resisting  medium  upon  the 
internal  action,  will  tend  to  diminish  the  force  of  the  whole 
system.  Such  would  be  the  case  if  a  voltaie  battery  surrounded 
by  distilled  water,  as  the  analogous  illustration  (3276.),  could 
be  elongated  in  the  water,  and  so  its  poles  be  removed  further 
apart ;  and  though  in  the  case  of  magnets  previously  charged, 
some  effect  equivalent  to  intensity  of  excitement  may  be  pi'o- 
duced  by  conjoining  several  together  end  on,  yet  the  diminished 
sustentation  of  power  externally  appears  to  follow  as  a  conse- 
quence of  the  increased  distance  of  the  extreme  poles,  or  external, 
mutually  dependent  pai'ts.  Static  electric  induction  also  supplies 
a  correspondent  and  illustrative  case. 

3289.  The  usual  case  in  which  the  influence  of  length  and 
thickness  becomes  evident,  is  not,  however,  always  or  often  that 
of  the  juxtaposition  of  magnets  already  as  highly  charged  as  they 
can  be,  but  rather  that  of  a  bar  about  to  be  charged.  If  two 
bars,  alike  in  steel,  hardness,  &c.,  one  an  inch  long  and  the  tenth 
of  an  inch  in  diameter,  and  the  other  of  the  same  length  but 
five-tenths  of  an  inch  in  diameter,  be  magnetized  to  supersatu- 
ration,  the  latter,  though  it  contains  twenty-five  times  the  steel 
of  the  former,  will  not  retain  twenty-five  times  the  power,  for 
the  reason  already  given  (3287.) ;  the  sui*rounding  medium  not 
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being  able  to  sustain  external  lines  of  force  to  that  amount.  But 
if  a  third  bar,  two  inches  long  and  also  five-tenths  in  diameter, 
be  magnetized  at  the  same  time,  it  can  receive  much  more  power 
than  the  second  one.  A  natural  reason  for  this  presents  itself 
by  the  hypothesis ;  for  the  limitation  of  power  in  the  two  cases 
is  not  in  the  magnets  themselves,  but  in  the  external  mediimi. 
The  shorter  magnet  has  contact  and  connexion  with  that  medium 
by  a  certain  amount  of  surface ;  and  just  what  power  the  medium 
outside  that  surface  can  support,  the  magnet  will  retain.  Make 
the  magnet  as  long  again,  and  there  is  far  more  contact  and  rela- 
tion with  the  surrounding  medium  than  before ;  and  therefore 
the  power  which  the  magnet  can  retain  is  greater.  If  there  were 
such  limited  points  of  resulting  action  in  the  magnet  as  is  often 
understood  by  the  word  poles,  then  such  a  result  could  hardly 
be  the  case,  on  my  xiew  of  the  physical  actions.  But  such  poles 
do  not  exist.  Every  part  of  the  smiace  of  the  magnet,  so  to 
say,  is  pouring  forth  externally  lines  of  magnetic  force,  as  may 
be  seen  in  figs.  2,  3,  4,  5  (3274.).  The  larger  the  magnet,  to  a 
certain  extent,  and  the  larger  the  amovjit  of  external  conducting 
medium  in  contact  with  it,  the  more  freely  is  this  transmission 
made.  If  the  second  magnet,  being  an  inch  long,  be  conceived 
to  be  charged  to  its  full  amount,  and  then,  whilst  in  free  space, 
could  have  half  an  inch  of  iron  added  to  its  length  at  each  end, 
we  see  and  know  that  many  of  the  lines  of  force  originally  issuing 
from  that  part  of  its  surface  still  left  in  contact  with  the  an*  at 
the  equatorial  part,  would  now  move  internally  towards  the  ends, 
and  issue  at  a  part  of  the  soft  iron  surface;  indicating  the 
manner  in  which  the  tension  would  be  relieved  by  this  better 
conducting  medium  at  the  ends,  and  by  increased  surface  of 
contact  with  the  surrounding  bad  conductor  of  air  or  space. 
The  thick,  short  magnet  could  e^ddently  excite  and  carrj'^  on 
physical  lines  of  magnetic  power  far  more  numerous  than  those 
which  the  space  about  it  can  receive  and  convey  from  pole  to 
pole ;  and  the  increase  in  the  length  of  the  magnet  may  go  on 
advantageously,  until  the  increasing  sum  of  power,  sustainable 
by  the  increasing  medium  in  the  circuit,  is  equal  to  that  which 
the  magnet  can  sustain  or  transmit  internally ;  for  all  the  lines 
of  power,  wherever  they  issue  from  the  magnet,  have  to  pass 
through  its  equator ;  and  in  this  way  the  equator  or  thickness 
of  the  magnet  becomes  related  to  its  length.  So  the  advanta- 
geous increase  in  length  of  the  bar  is  limited  by  the  increasing 
resistance  within,  and  especially  at  the  equator  of  the  bar ;  and 
the  increase  in  breadth,  by  the  increasing  resistance  (for  in- 
creasing powers)  of  the  external  sm-rounding  medium  (3287.). 

3290.  It  is  very  interesting  to  obseiTe  the  results  obtained 
when  an  attempt  is  made  to  magnetize,  regularly,  a  thin  steel 
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wire,  about  15  or  20  inches  in  length,  and  0'05  of  an  incli  in 
diameter.  It  can  hardly  he  effected  hy  bars ;  and  wlicn  the  wire 
is  afterwards  examined  hy  fihngs  (3234.),  it  is  found  to  have 
irregular  and  consecutive  poles,  whicli  vaiy  as  the  magnetization 
is  repeated  with  the  same  wire,  as  if  they  broke  out  suddenly  by 
a  rupture  of  something  like  unstable  equilibrium ;  the  effects 
apparently  being  chieliy  referable  to  the  cause  now  assigned. 
Again,  when  a  magnet  is  made  out  of  a  thin,  hard,  steel  plate, 
Avhose  length  is  ten  or  twelve  times  its  width,  it  is  well  known 
how  the  lines  of  force  issue  from  it  in  greatest  abundance  at  the 
extreme  angles,  and  then  at  the  edges ;  and  how  a  spot  on  the 
face  gives  exit  to  a  much  smaller  number  of  lines  than  a  like 
spot  on  the  edge,  at  the  same  distance  from  the  magnetic  equator. 
Iron  filings  show"  such  results  readily,  and  so  also  do  the  vibra- 
tions of  a  magnetic  needle,  and  likewise  the  revolutions  of  a  wire 
ring  (3212.).  Now  this  state  of  the  plate-magnet  is  precisely 
that  which  would  be  expected  from  the  hypotheses  of  the  neces- 
sary and  dependent  state  of  the  magnet  on  the  medium  sur- 
rounding it. 

3291.  The  mutual  dependence  of  a  magnet  and  the  external 
medium,  assumed  in  the  view  now  put  forth,  bears  upon,  and 
may  probably  explain,  numerous  observations  of  the  apparently 
superficial  character  of  the  magnetism  of  iron  and  magnets  in 
different  cases.  If  a  liard  steel  bar  be  magnetized  by  touch  of 
other  magnets,  both  the  vicinity  of  the  superficial  parts  of  the 
bar  to  the  exciting  magnet  in  the  first  instance,  and  afterwards 
to  the  surrounding  sustaining  medium,  w411  tend  to  cause  the 
magnetism  to  be  supei-ficial  in  the  bar.  If  a  small  magnet  or 
a  horseshoe  bar  be  surrounded  by  a  thick  shell  of  iron  as  its  ex- 
ternal medium,  the  inner  surface  of  the  iron,  or  that  nearest  to  the 
magnet,  with  its  neighbouring  parts,  will  convey  on  more  power 
than  the  parts  further  away.  If  a  thick  iron  core  be  placed  in  a 
helix  carrying  a  feeble  or  moderate  electric  current,  it  is  the  part 
of  the  core  nearest  to  the  helix  which  becomes  most  highly 
charged.  Probably  many  other  like  results  may  appear,  or  be 
hereafter  devised,  and  may  greatly  help  to  assist  the  discussion  of 
the  question  of  ]ihysical  lines  of  force  now  under  consideration. 

3292.  AVhen,  in  place  of  considering  the  medium  external  to  a 
magnet  as  homogeneous  or  equal  in  magnetic  power,  we  make  it 
variable  in  different  parts,  then  the  effects  in  it  appear  to  me  still 
to  be  in  perfect  accordance  with  the  notion  of  physical  lines  of 
magnetic  force,  which,  being  present  externally,  are  definite  in  di- 
rection and  amount.  The  series  of  substances  at  our  command 
which  aft'ect  the  surrounding  space  in  this  respect,  do  not  present 
a  great  choice  of  successive  steps ;  but  having  iron,  nickel  and 
cobalt,  veiy  high  as  paramagnetic  bodies,  we  then  possess  hard 
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steel,  as  very  far  beneath  them ;  next,  perhaps,  oxides  of  iron, 
and  so  on  by  solutions  of  the  magnetic  metals  to  oxygen,  water, 
glass,  bismuth  and  phosphorus,  in  the  diamagnetic  direction. 
Taking  the  magnetic  force  of  the  earth  as  supplying  the  source  of 
power,  and  placing  a  globe  of  iron  or  nickel  in  the  air,  we  see 
by  the  pointing  of  a  small  magnetic  needle  (or  in  another  case, 
by  the  use  of  iron  filings  (3240.)),  the  deflected  coui'se  of  the 
lines  of  force  as  they  enter  into  and  pass  out  of  the  sphere,  con- 
sequent upon  the  conducting  power  of  the  paramagnetic  body. 
These  have  been  described  in  their  forms  in  another  place  (3238.). 
If  we  take  a  large  bar-magnet,  and  place  a  piece  of  soft  iron, 
about  half  the  width  of  the  magnet,  and  three  or  four  times  as 
long  as  it  is  wide,  end  on  to,  and  about  its  own  width  from  one 
pole,  and  covering  that  with  papei*,  then  obseiTC  the  forms  of 
the  lines  of  force  by  iron-filings ;  it  will  be  seen  how  beautifully 
those  issuing  from  the  magnet  converge,  by  fine  inflections,  on 
to  the  iron,  entering  by  a  comparatively  small  surface,  and  how 
they  pass  out  in  far  more  difi'use  streams  by  a  much  larger  sur- 
face at  the  further  part  of  the  bar,  fig.  7.  If  we  take  several 
pieces  of  iron,  cubes  for  instance,  then  the  lines  of  force,  which 
are  altogether  outside  of  them,  may  be  seen  undergoing  success- 
ive undulations  in  contrary  directions,  fig.  8.  Yet  in  all  these 
cases  of  the  globe,  bar  and  cubes,  I  at  least  am  satisfied  that  a 
section  across  the  same  lines  of  force  in  any  part  of  their  course, 
however  or  whichever  way  deflected,  would  yield  the  same  amount 
of  effect  (3109.  3218.) ;  at  the  same  time,  this  efi"ect  of  deflec- 
tion is  not  only  consistent  with,  but  absolutely  suggests  the  idea 
of  a  physical  line  of  force. 

3293.  Then  the  manner  in  which  the  power  disappears  in  such 
cases  to  an  ordinary  magnetic  needle  is  perfectly  consistent.  A 
little  needle  held  by  the  side  of  the  soft  bar  described  above  (3292.), 
indicates  much  less  magnetic  power  than  if  the  iron  were  away. 
If  held  in  a  hole  made  in  the  iron,  it  is  almost  indifferent  to  the 
magnet ;  yet  what  power  remains  shows  that  the  lines  through 
the  air  in  the  hole  are  in  the  same  general  direction  as  those 
through  the  neighbouring  iron.  These  effects  are  perfectly  weU 
known,  no  doubt ;  and  my  object  is  only  to  show  that  they  are 
consistent  with,  and  support  the  idea  of  external  media  ha^dng 
magnetic  conducting  power.  But  these  apparent  destructions 
of  power,  and  even  far  more  anomalous  cases  (2868.  3155.), 
are  fully  accounted  for  by  the  hypothesis ;  and  the  force  abso- 
lutely unaffected  in  amount  is  found,  experimentally,  by  the 
moving  wire.  I  have  had  occasion  before  to  refer  to  the  modi- 
fication of  the  magnetic  force  (in  relation  to  the  magnetic  needle), 
where,  its  absolute  quantity  being  the  same,  it  passes  across 
better  or  worse  conductors,  and  I  have  temporarily  used  the 
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words  quantity  and  intensity  (2866.  2868.  2870.).  I  would, 
however,  rather  not  attempt  to  limit  or  define  these  or  such  like 
terms  now,  however  much  they  may  be  wanted,  but  wait  until 
what  is  at  present  little  more  than  suggestion,  may  have  been 
canvassed,  and  if  true  in  itself,  may  have  received  assurance 
from  the  opinions  or  testimony  of  others. 

3294.  The  association  of  magnet  ^\dth  magnet,  and  all  the 
effects  then  produced  (3218.),  are  in  harmony,  as  far  as  I  can 
perceive,  with  the  idea  of  a  physical  line  of  magnetic  force.  If 
the  magnets  arc  all  free  to  move,  they  set  to  each  other,  and  then 
tend  to  approach ;  the  great  result  being,  that  the  lines  from  all 
the  sources  tend  to  coalesce,  to  pass  through  the  best  conductors, 
and  to  contract  in  length.  When  there  are  several  magnets  in 
presence  and  in  restrained  conditions,  the  lines  of  force,  which 
they  present  by  tilings,  are  most  varied  and  beautiful  (3238.); 
but  all  are  easily  read  and  understood  by  the  principles  I  have 
set  forth.  As  the  power  is  definite  in  amount,  its  removability 
from  place  to  place,  according  to  the  changing  disposition  of  the 
magnets,  or  the  introduction  of  better  or  worse  conductors  into 
the  sm-roimding  media,  becomes  a  perfectly  simple  result. 

3295.  As  magnets  may  be  looked  upon  as  the  habitations  of 
bundles  of  lines  of  force,  they  probably  show  us  the  tendencies 
of  the  physical  lines  of  force  as  they  also  occiu-  in  the  space 
around ;  just  as  electric  currents,  when  conducted  by  solid  wires, 
or  when  passing,  as  the  Leyden  or  the  voltaic  spark,  through 
air  or  a  vacuum,  are  alike  in  these  essential  relations.  In  that 
case,  the  repulsion  of  magnets  when  placed  side  by  side,  indi- 
cates the  lateral  tendency  of  separation  of  lines  of  magnetic  force 
(3267.).  The  effect,  however,  must  be  considered  in  relation  to 
the  simultaneous  gathering  up  of  the  teiTCstrial  lines  of  force  in 
the  surrounding  space  upon  each  magnet,  and  also  the  tendency 
of  each  magnet  to  secure  its  own  independent  external  medium. 
The  effect  coincides  with,  and  passes  into  that  of  the  lateral  re- 
pulsion of  balls  of  iron  in  a  previously  equal  magnetic  field  (2814.); 
which  again,  by  a  consideration  of  the  action  in  two  directions, 
i.  e.  parallel  to  and  across  the  magnetic  axis,  links  the  phfeno- 
mena  of  separation  with  those  of  attraction. 

3296.  When  speaking  of  magnets,  in  illustration  of  the  ques- 
tion vmder  consideration,  I  mean  magnets  perfect  in  their  kind, 
i.  e.  such  as  are  very  hard  and  hold  their  charge,  so  that  there 
shall  be  neither  internal  reaction  of  discharge  or  development 
(3224.),  nor  any  external  change,  except  what  may  depend  upon 
such  absolute  and  permanent  loss  of  exciting  power  as  is  conse- 
quent upon  an  over-niUng  change  of  the  external  relations. 
Heterogeneous  magnets,  which  might  allow  of  irregular  varia- 
tions of  power,  are  out  of  present  consideration. 
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3297.  Witli  regard  to  the  great  point  under  consideration,  it 
is  simply,  whether  the  lines  of  magnetic  force  have  a  physical 
existence  or  not  ?  Such  a  point  may  be  investigated,  perhaps 
even  satisfactorily,  without  our  being  able  to  go  into  the  further 
questions  of  how  they  account  for  magnetic  attraction  and  repul- 
sion, or  even  by  what  condition  of  space,  sether  or  matter,  these 
lines  consist.  If  the  extremities  of  a  straight  bar-magnet,  or  if 
the  polarities  of  a  circular  plate  of  steel  (3274.),  are  in  magnetic 
relation  to  each  other  externally  (3257.),  then  I  think  the  exist- 
ence of  curved  lines  of  magnetic  force  must  be  conceded  (3258. 
3263.)*;  and  if  that  be  granted,  then  I  think  that  the  physical 
nature  of  the  lines  must  be  granted  also.  If  the  external  rela- 
tion of  the  poles  or  polarity  is  denied,  then,  as  it  appears  to  me, 
the  internal  relation  must  be  denied  also ;  and  with  it  a  vast 
number  of  old  and  new  facts  (3070.  &c.)  will  be  left  without 
either  theory,  hypothesis,  or  even  a  vague  supposition  to  explain 
them. 

3298.  Perhaps  both  magnetic  attraction  and  repulsion,  in  all 
forms  and  cases,  resolve  themselves  into  the  differential  action 
(2757.)  of  the  magnets  and  substances  which  occupy  space,  and 
modify  its  magnetic  power.  A  magnet  fii'st  originates  lines  of 
magnetic  force;  and  then,  if  present  with  another  magnet,  offers  in 
one  position  a  very  free  conduction  of  the  new  lines,  like  a  para- 
magnetic body ;  or  if  restrained  in  the  contrary  position,  resists 
their  passage,  and  resembles  a  highly  diamagnetic  substance.  So, 
then,  a  soui'ce  of  magnetic  lines  being  present,  and  also  magnets  or 
other  bodies  affecting  and  varying  the  conducting  power  of  space, 
those  bodies  which  can  convey  onwards  the  most  force,  may  tend, 
by  differential  actions,  with  the  others  present,  to  take  up  the 
position  in  which  they  can  do  so  the  most  freely,  whether  it  is 
by  pointing  or  by  approximation ;  the  best  conductor  passing  to 
the  place  of  strongest  action  (2757.),  whilst  the  worst  retreats 
from  it,  and  so  the  effects  both  of  attraction  and  repulsion  be 
produced.  The  tendency  of  the  lines  of  magnetic  force  to  shorten 
(3266.  3280.)  would  be  consistent  with  such  a  notion.  The 
result  would  occur  whether  the  physical  lines  of  force  were  sup- 
posed to  consist  in  a  dynamic  or  a  static  state  (3269.). 

3299.  Having  applied  the  term  line  of  magnetic  force  to  an 
abstract  idea,  wl  ich  I  believe  represents  accurately  the  nature, 
condition,  dii'ection,  and  comparative  amount  of  the  magnetic 
forces,  without  reference  to  any  physical  condition  of  the  force, 
I  have  now  applied  the  term  physical  line  of  force  to  include  the 
further  idea  of  their  physical  nature.  The  first  set  of  lines  I 
affirm  upon  the  evidence  of  strict  experiment  (3071,  &c.).     The 

*  See  for  a  case  of  cui-ved  lines  the  inclosed  and  compiessed  s3-stem  of 
forces  belonging  to  the  central  circular  magnet,  fig.  6  (32/5.). 
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second  set  of  lines  I  advocate,  chiefly  with  a  ^new  of  stating  the 
question  of  tlieir  existence ;  and  thougli  I  shonld  not  have  raised 
the  argument  unless  I  had  thought  it  both  important,  and  likely 
to  be  answei'cd  ultimately  in  the  affirmative,  I  still  hold  the 
opinion  Anth  some  hesitation,  ^\'ith  as  much,  indeed,  as  accom- 
panies any  conclusion  I  endeavour  to  draw  respecting  points  in 
the  very  depths  of  science,  as,  for  instance,  regarding  one,  two, 
or  no  electric  fluids ;  or  the  real  nature  of  a  ray  of  light,  or  the 
nature  of  attraction,  even  that  of  gravity  itself,  or  the  general 
nature  of  matter. 

Roval  Institution, 
March  6,  1852. 


LIX.   On  the  Ten-year  Period  ivhich  exhibits  itself  in  the  Diurnal 
Motion  of  the  Magnetic  Needle.     By  Dr.  Lamont  of  Munich*. 

THE  remarkable  experiments  of  Faraday  relative  to  the 
diurnal  motion  of  the  magnetic  needle,  have  induced  me 
to  submit  the  peculiarities  of  this  motion  to  a  closer  examination, 
and  thus  to  obtain  a  clearer  view  of  the  facts  which  accompany  it. 

Among  these  there  exists  at  present  one,  which,  so  far  as  I 
am  aware  of,  has  hitherto  remained  unrecognised,  but  which 
seems  of  so  important  a  nature  that  it  cannot  be  omitted  in  any 
theory  which  undertakes  to  render  an  account  of  the  diui'nal  va- 
riation ;  it  is  the  following  : — 

The  magnitude  of  the  variations  of  declination  have  a  period  of 
ten  years.  For  five  years  there  is  a  uniform  ina'ease,  and  during 
the  following  five  years  a  uniform  decrease  in  the  variations. 

With  us  the  magnetic  declination  is  a  minimum  at  about  8 
o'clock  in  the  morning,  and  is  greatest  at  1  o'clock  in  the  afternoon. 
Subtracting  the  declination  at  8  o'clock  from  that  at  1  o'clock, 
we  obtain  the  magnitude  of  the  diurnal  motion.  From  the  hourly 
observations  conducted  in  this  observatoiy  since  the  month  of 
August  1840,  we  ascertain  the  folloT\ang  to  be  the  magnitude  of 
the  diurnal  motion  for  each  month  separately  : — 

Magnitude  of  the  ^Magnitude  of  the         [Magnitude  of  the 

diurnal  motion.  diurnal  motion.  diimial  motion. 

1840.          ,                 18^1-  /                 1841. 

^        ,     '^^  January  +3-72  Jidy           -MO-07 

August      +10-63  Y^hx'  5-13  August  9-86 

September     10-9/  ^^^^^-^  8-43  September       8-78 

October           7-/2  ^    .-j  j^^.^g  October  6-82 

Isovember        4-40  ^^^^  1^.47  ^^ovember  3-71 

December        3-ol  ^^^^  II.4.9  December  289 

*  Fi-om  Poggendorff's  Annalen,  vol.  Ixxxiv.  p.  572. 
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Magnitude  of  the            Magnitude  of  the        Magnitude  of  the 

diui-nal  motion.              diumal  motion. 

churnal  motion. 

1842. 

/ 

1845. 

/ 

1848. 

f 

January 

+  3-65 

Januaiy 

+  2-20 

Januaiy 

+  6-52 

February 

4-74 

Februaiy 

4-69 

February 

9-01 

^larcli 

8-34 

March 

8-26 

March 

11-96 

April 

10-33 

April 

11-93 

April 

14-56 

May 

9-31 

May 

10-88 

May 

14-22 

June 

9-78 

June 

10-73 

June 

13-80 

July 

8-38 

July 

9-44 

July 

14-67 

August 

9-03 

August 

10-42 

August 

15-40 

September 

7-72 

September 

8-82 

September 

1400 

October 

7-05 

October 

7-34 

October 

10-30 

November 

3-86 

November 

4-49 

November 

5-78 

December 

2-81 

December 

8-34 

December 

3-53 

1843. 

1846. 

1849. 

Januaiy 

3-82 

January 

3-30 

January 

7-27 

February 

4-08 

February 

6-94 

February 

8-42 

March 

6-87 

March 

9-53 

March 

14-08 

April 

9-71 

April 

12-27 

April 

16-86 

May 

9-24 

May 

12-58 

May 

13-67 

June 

10-14 

June 

11-21 

June 

13-86 

July 

9-57 

July 

11-37 

July 

12-57 

August 

10-08 

August 

11-49 

August 

11-54 

September 

8-81 

September 

10-39 

September 

10-79 

October 

6-82 

October 

7-82 

October 

9-12 

November 

3-82 

November 

5-66 

November 

5-41 

December 

2-79 

December 

3-22 

December 

4-09 

1844. 

1847. 

1850. 

January 

2-81 

Januaiy 

3-30 

Januaiy 

5-98 

February 

3-43 

Februaiy 

6-35 

February 

8-84 

]\Iarch 

6-95 

INIarch 

9-85 

March 

12-15 

April 

9-53 

April 

12-43 

April 

14-32 

May 

8-42 

May 

11-81 

May 

14-05 

June 

8-88 

June 

11-76 

June 

13-39 

July 

8-38 

July 

10-94 

July 

12-53 

August 

9-28 

August 

12-87 

August 

12-68 

September 

8-23 

September 

12-06 

September 

12-64 

October 

6-54 

October 

11-53 

October 

9-04 

November 

3-94 

November 

7-06 

November 

6-20 

December 

2-98 

December 

4-70 

December 

3-45 

For  the  sake  of  a 

better  oversig 

ht^  we  will  set  the  averages  of 

the  years  together;  the  fii'st  three  months  of  the  year  being 
united  with  the  last  three  under  the  name  of  the  ivinter  half- 
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year,  and  the  others  under  the  name  of  the  summer  half-year.  In 
this  way  we  obtain  the  following  table : — 


Magnitude  of  the  diurnal  motion. 

Year. 

Mean  for  the  year. 

Winter. 

Siunmer. 

1841. 

7-82 

512 

10-53 

1842, 

7-08 

5-07 

9-09 

1843. 

715 

4-70 

9-59 

1844. 

6fil 

4-44 

8-79 

1845. 

8-13 

5-89 

10-37 

184G. 

8-81 

6-08 

11-55 

1847. 

9-55 

7-63 

11-98 

1848. 

1115 

7-85 

14-44 

1849. 

1064 

8-06 

13-21 

1850. 

10-44 

7-61 

13-27 

A  glance  at  this  table  is  sufficient  to  show  that  a  periodical 
increase  and  decrease  of  the  magnitude  of  the  daily  motion  takes 
place.  Applying  the  same  method  as  that  made  use  of  by  Sir 
John  Herschel  in  similar  cases,  I  have  drawn  a  curve,  which  by 
regular  curvature  passes  as  nearly  as  possible  through  the  ends 
of  the  single  ordinates,  and  find  1843*5  to  be  the  epoch  of  the 
minimum,  and  1848'5  the  epoch  of  the  maximum. 

Shortly  before  the  commencement  of  the  series  of  observations, 
a  maximum  must  have  taken  place.  To  ascertain  the  epoch  of 
this  maximum,  we  will  call  in  the  aid  of  the  Gottingen  observa- 
tions. From  the  Resultaten  des  Magnetischen  Vereins  we  deduce 
the  following  numbers  as  expressing  the  magnitude  of  the  motion 
for  the  single  years. 


Magnitude  of  the  diurnal  motion. 

Year. 

Mean  for  the  year.  1        Summer. 

Winter. 

1834. 

' 

' 

10-39 

1835. 

9-57 

702 

12-13 

1836. 

12-34 

8-78 

15-90 

1837. 

12-27 

9-39 

15-15 

1838. 

12-74 

9-05 

16-42 

1839. 

11-03 

8-01 

1405 

1840. 

9-91 

7-33 

12-50 

1841. 

8-70 

6-12 

11-27 

Making  use  of  the  method  above  alluded  to,  I  derive  from  these 
numbers  that  the  maximum  took  place  in  1837"5. 

If  we  go  still  further  back,  the  obsei^vations  at  present  exist- 
ing do  not  furnish  us  with  any  data  until  we  reach  1820.  In 
this  year  the  series  of  observations  undertaken  by  Col.  Beaufoy 
at  Bushy  Heath  was  finished,  and  from  these  we  are  enabled  to 
make  further  determinations.     The  magnitude  of  the  motion  for 
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the  single  months,  as  derived  from  Beaufoy's 
follows : — 

Magnitude  of  the  Magnitude  of  the 

diurnal  motion.  diumal  motion. 

1815.  , 

April 
May 


1813. 

/ 

April 

May 

June 

11-90 
8-87 
9-70 

July 
August 

8-53 
7-57 

September 
October 

6-77 
7-20 

November 

2-70 

December 

2-47 

1814 

January 

Februar}' 

]\Iarch 

3-97 
613 
8-65 

April 
May 
June 

11-00 
902 
9-63 

July 

August 

10-25 
9-58 

September 
October 

8-73 
7-62 

November 

4-28 

December 

2-57 

1815. 

Januaiy 

February 

March 

3-43 
6-67 
8-85 

June 
July 
August 
September 

1817. 
April 
May 
June 
July 
August 
•  September 
October 
November 
December 

1818. 
January 
February 
March 
April 
:May 
June 
July 
August 
September 
October 


11-68 
10-52 
11-12 
9-90 
8-10 
7-05 

12-85 

10-25 

11-08 

10-87 

11-58 

8-57 

9-67 

6-10 

3-98 


5-92 

6-48 

8-32 

10-73 

9-52 

11-40 

10-58 

11-30 

10-88 

8-03 


observations,  is  as 

Magnitude  of  the 
diumal  motion. 

1818.  , 

November       8-28 
December        4-27 


1819. 

January 

Februai-y 

March 

April 

]\lay 

June 

July 

August 

September 

October 

November 

December 

1820. 
Januaiy 
Februaiy 
]\larch 
April 
May 
June 
July 
August 
September 
October 
November 
December 


The  yearly  and  half-yearly  averages  are  as  follows 


4-20 
5-63 
8-40 

10-55 
8-67 

10-22 
9-68 

10-27 
910 
6-68 
6-02 
3-85 

3-80 
5-80 
8-77 
9-85 
9-43 
9-43 
10-32 
9-58 
9-22 
8-55 
5-25 
3-52 


Magnitude  of  the  diumal  motion. 

Year. 

Average  for  the  year.           Winter. 

Summer. 

1813. 

, 

' 

8-89 

1814. 

7-62 

5-54 

9-70 

1815. 

9  73 

1816. 

1817. 

10-87 

1818. 

8-8i 

6-88 

10-74 

1819. 

7-77 

5-80 

9-75 

1820. 

7-79 

5-95 

9-64 
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From  this  we  ascertain  that  a  maximum  took  place  in  the 
year  1817. 

To  obtain  further  data,  we  must  go  back  to  the  observations 
of  Gilpin  and  Cassini.  The  former  observed  from  178G  to  1805 
in  the  meeting-room  of  the  Royal  Society  in  London.  Two  cir- 
cumstances, however,  oppose  the  use  of  his  results :  first,  they 
are  incomplete,  a  period  of  six  or  seven  months  in  one  year  being 
sometimes  omitted;  and  secondly,  the  compass  which  he  made 
use  of  does  not  seem  to  have  been  trustworthy.  Gilpin,  indeed, 
always  repeated  his  observations,  in  order  to  lessen  as  far  as  pos- 
sible the  insecm-ity  of  his  readings.  We  must  still,  however, 
look  with  some  distrust  upon  results  derived  from  a  needle, 
which,  when  caused  to  oscillate,  often  deviated  eight  or  ten  or 
even  a  greater  number  of  minutes  from  its  former  position. 
From  1795  to  1805,  the  solstitial  months,  June  and  December, 
and  the  equinoctial  months,  i\Iarch  and  September,  are  given. 
I  have  set  down  these,  and  also  the  mean  of  the  four  months,  in 
the  followino;  table : — 


Magnitude  of  the  diurnal  motion. 

Year  and  month. 

June  and  Dec. 

JIarch  and  Sept. 

Mean. 

1795. 

6-5 

8-7 

/ 

7Q 

1796. 

7-4 

8-6 

8-0 

1797. 

8-3 

7-5 

7-9 

1798. 

6-9 

8-3 

7-6 

1799. 

71 

7-6 

7-3 

1800. 

70 

7-3 

71 

1801. 

6-6 

9-4 

80 

1802. 

72 

9-2 

8-2 

1803. 

7-8 

10-6 

9-2 

1804. 

7-5 

96 

8-5 

1805. 

8-5 

8-7 

8-6 

These  numbers  do  not  by  any  means  support  the  hypothesis 
above  stated ;  a  decided  period  is  not  at  all  exhibited. 

It  is  otherwise,  however,  with  the  observations  of  Cassini, 
which  commence  two  years  earlier  than  those  of  Gilpin,  but  are 
only  carried  out  to  1788.  The  records  were  made  on  the  4th, 
12th,  20th,  and  28th  of  each  mouth,  and  give  the  following 
results : — 


1784. 
January 
February 
March 
April 


INIagnitude  of  the 
tliiirnal  motion. 

1784 
]\Iay 


8-77 

8-97 

10-72 

11-16 


June 
July 
August 


Magnitude  of  the 
diurnal  motion. 

12-22 
11-44 
10-03 
10-81 


Magnitude  of  the 
diurnal  motion. 

1784. 


September 
October 
November 
December 


11-71 
911 
6-23 
4-46 


in  the  Diurnal  Motion  of  the  Magnetic  Needle. 


433 
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diurnal  motion. 


Magnitude  of  tb( 
diurnal  motion. 


1785. 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1786. 

January' 
February 
March 
April 


6-50 

7-19 

9-82 

10-99 

14-49 

11-75 

11-74 

13-49 

14-35 

12-22 

9-25 

7-84 

10-27 
10-68 
15-41 
17-06 


1786. 
May 
June 
July 
August 
September 
October 
November 
December 

1787. 

January 

Februai-y 

March 

April 

May 

June 

July 

August 


Magnitude  of  the 
diurnal  motion. 
1787. 


14-62 
14-89 
15-82 
15-72 
1565 
16-82 
10-24 
10-82 

14-30 
15-13 
18-19 
16-03 
14-58 
14-72 
17-93 
18-80 


September 
October 
November 
December 

1788. 

January 

Febi-uary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


15-92 
13-40 
12-09 
10-58 

10-20 
10-65 
16-87 
20-51 
16-88 
15-00 
12-09 
11-71 
13-59 
12-09 
11-75 
10-42 


Calculating  from  this,  in  the  manner  already  pursued,  the 
average  for  the  year,  and  then  the  mean  for  the  summer  and 
winter  hall-year,  we  obtain — 


Magnitude  of  the  diurnal  motion. 

Year. 

Average  for  the  year,  j        Winter. 

Summer. 

1784. 

i             / 
9-65                     8-04 

11-22 

1/85. 

10-80                     8-80 

12-80 

1786. 

14-00           i         12-37 

15-62 

1787. 

1514 

13-95 

16-33 

1788. 

13-48 

1200 

14-96 

We  here  again  detect  a  regular  period,  with  a  maximum  at 
about  1786-5. 

Setting  the  above  results  together,  we  find  that  we  are  in 
possession  of  four  series  of  observations,  made  at  different  places 
and  at  different  times,  all  of  which  show  a  periodical  increase 
and  decrease  of  the  diui-nal  motion  of  the  needle.  The  maxima 
fell  in  the  following  years  : — 

1848-5 
1837-5 
1817 
1786-5 

Permitting  the  first  and  last  numbers  to  remain,  and  assuming 
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the  period  to  be  lOj  years,  the  maxima  would  fall  upon  the  fol- 
lo\\'ing  years : — 

184.8-5 

1838-2 

1817-5 

1786-5 
The  agreement  with  the  actual  observations  is  quite  satis- 
factory. 

In  order  further  to  show  how  far  the  obsened  increase  and 
decrease  agrees  with  the  above  hjqiothesis,  I  will  choose  for  the 
period  the  simplest  formula,  that  is, 

.   •    /         360°\ 
«  +  6sm(  c4-??  Tvyr /- 

Assuming,  according  to  the  obsenations  in  Munich,  that  a 
maximum  occurred  in  1848-5,  and  calculating  the  remaining 
constants  from  the  values  obtained  at  the  time  of  maximum  and 
minimum,  we  obtain  for  the  magnitude  of  the  yearly  motion  the 
following  expression, — 

8'-70  +  2'-l  sin  (72°-58  +  w34^-84), 
where  n  expresses  the  number  of  years  beginning  at  1848.  Com- 
paring the  magnitude  of  the  diurnal  motion  calculated  from  this 
with  the  observations  before  given,  we  obtain  the  follo\\4ng : — 


Calculated  diurnal 

Divergence  from 

motion. 

observation. 

1841. 

1 
9-01 

+i-i9 

1842. 

7-26 

-hO-18 

1843. 

C-64 

-0-51 

1844. 

ry77 

-1-016 

1845. 

7-59 

-0-54 

1846. 

8-80 

-0-01 

1847. 

9-98 

-1-0-43 

1848. 

10-70 

-0-45 

1849. 

10-70 

+0-06 

1850. 

9-98 

-0-56 

In  Gbttingen  the  diurnal  motion  is  y^^th  greater  than  in 
Munich ;  deducting  this  from  the  results  of  the  Gottingen  ob- 
servations given  above,  and  comparing  with  our  formula,  we 
obtain — 


Calculated  diurnal 

Divergence  from 

motion. 

observation. 

1835. 

7-97 

-6-65 

1836. 

9-22 

-1-89 

1837. 

10-29 

-075 

1838. 

10-79 

—0  68 

1839. 

10-53 

-j-0-60 

1840. 

9-62 

+0-70 
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Had  it  been  my  object  to  give,  by  means  of  a  periodic  function, 
the  most  exact  representation  possible  of  the  observed  numbers, 
there  would  have  been  no  difficulty  in  choosing  such  a  function. 
The  labour  at  present,  however,  would  lead  to  no  useful  result. 
AVe  first  need  a  much  more  extensive  series  of  observations.  I 
have  therefore  contentedmyself  with  an  approximation  sufficiently 
close  to  demonstrate  the  existence  of  a  period. 

It  may  not  be  amiss  to  remark  here,  that  the  daily  motion,  as 
shown  by  me  on  a  former  occasion,  consists  of  two  portions 
altogether  different — -of  a  polar  wave  and  an  equatorial  wave. 
In' carrying  out  the  subject,  it  will  be  in  the  first  place  necessary 
to  separate  these  portions,  by  comparing  observ^atious  made  at  the 
equator  with  those  made  in  higher  latitudes.  That  both  portions 
are  subject  to  a  contemporaneous  increase  or  decrease  does  not 
appear  to  me  probable. 

I  will  remark,  in  conclusion,  that  the  diurnal  motion  of  the 
horizontal  intensity  is  also  subject  to  a  considerable  alteration; 
whether  of  the  same  period,  or  that  of  the  declination,  I  have 
not  yet  ascertained.  Om-  observations  must  be  submitted  to 
various  tedious  reductions  before  they  are  in  a  state  to  decide 
the  above  question. 

Munich,  Sept.  1S51. 


LX.   On  a  Mode  of  I'eviving  Dormant  Impressions  on  the  Retina. 
By  W.  R.  Grove,  M.A.,  F.R.S. 

To  Richard  Taylor,  Esq. 
My  dear  Sir,  May  4,  1852. 

AN  experiment  which  I  made  lately  on  the  revival  of  the 
images  formed  on  the  retina  by  bright  objects  may  be 
worth  recording.  I  have  never  seen  it  in  any  work  which  I  have 
read ;  and  on  showing  it  to  some  gentlemen  much  better  ac- 
quainted vrith.  this  subject  than  I  am,  they  regard  it  as  new;  if 
not  so,  my  note  will  do  no  more  harm  than  taking  up  a  very 
small  portion  of  your  valuable  space. 

1st.  Look  steadily  at  a  luminous  object  sufficiently  bright  to 
be  borne  by  the  eyes  without  great  inconvenience,  then  turn  the 
eyes  upon  a  dark  body  or  dark  space  :  an  image  of  the  object 
looked  at  will  be  seen,  a  fact  familiar  to  every  body.  When  the 
image  has  completely  faded  away  and  is  no  longer  visible,  pass 
backwards  and  forwards  between  the  eye  and  the  dark  body  a 
white  substance,  say  a  sheet  of  paper,  the  image  will  be  imme- 
diately revived,  and  may  be  thus  indefinitely  reproduced. 

If  the  light  is  in  the  first  instance  not  sufficiently  %-i\-id  to  pro- 
duce the  continued  impression  on  the  retina,  but  is  nearlv  so, 
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the  invisible  image  may  be  brought  out  or  first  rendered  visible 
by  moving  the  white  object  between  the  eye  and  the  dark  body 
or  dark  space  looked  at.  The  white  substance  should  be  in  a 
situation  exposed  to  light  so  that  its  whiteness  affects  the  eye, 
and  not  held  in  shadow.  After  a  little  practice,  it  is  astonishing 
to  what  an  extent  and  for  how  long  a  time  images  may  be  thus 
reproduced. 

2ndly.  Reverse  the  experiment,  looking  from  the  bright  object 
at  white  paper,  and  a  dark  image  of  the  object  will  be  seen ; 
when  this  has  faded  away,  move  between  the  eye  and  the  paper 
a  dark  substance  held  so  as  to  reflect  as  little  light  as  possible 
to  the  eye,  and  the  image  is  reproduced  on  the  white  paper,  or 
may  be  in  the  first  instance  produced  as  with  the  converse  expe- 
riment. 

The  explanation  which  occurs  to  me  is,  that  the  eficct  is  one 
of  contrast  between  the  portions  of  the  retina  which  have  not 
been  strongly  affected  and  those  which  have. 

The  white  paper  dulls  or  deadens  the  sensitive  portion  of  the 
retina  for  an  instant,  more  than  the  part  which  has  been  previ- 
ously rendered  non-sensitive  to  other  impressions  than  that 
which  it  has  received  by  the  bright  light,  and  the  black  super- 
venes as  a  contrast  to  the  parts  affected  by  the  white,  but  not 
to  those  unaffected.  In  the  converse  experiment,  the  black 
relieves  or  renders  more  sensitive  the  comparatively  unaffected 
portions  of  the  retina,  but  has  little  or  no  operation  on  the  non- 
sensitive  parts ;  thus  at  the  moment  of  removing  the  black  body, 
the  unimpressed  portions  of  the  eye  are  affected  by  the  white 
substance,  but  the  impressed  portion  is  comparatively  dead  to  it. 
Probably  coloured  bodies  looked  at,  and  coloured  screens  moved 
to  and  fro,  would  give  a  series  of  complementary  effects ;  and  if 
I  find  the  point  has  not  been  examined,  I  may  with  your  per- 
mission add  a  few  experiments  to  the  two  given  in  this  note. 
I  remain,  dear  Sir, 

Yours  very  truly, 

W.  R.  Grove. 

LXI.  On  Algebraic  Transformation,  on  Quadruple  Algebra,  and  on 
the  Theory  of  Equations.  By  James  Cockle,  M.A.,  of 
Trinity  College,  Cambridge ;  Barrister-at-Law  of  the  Middle 
Temple^. 

THE  following  are  intended  as  supplementaiy  to  previous 
observations  of  mine  in  this  Journal. 
{a.)  Since  the  relation  (/)  (at  p.  291  of  vol.  ii.  S.  4)  gives 

a?'"+'y  +  o^"*=0,     ^?/'»+'  +  o?/'"=0,     ...     (0 
*  Commuuicated  bv  the  Author. 
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we  see  that,  when  two  unknowns  are  connected  by  a  quadratic 
equation,  then  any  higher  function  of  those  unknowns  admits  of 
material  simplifications  depending  upon  the  transformation  of 
the  quadi'atic  to  the  form  (/).  Thus,  a  cubic  function  may  be 
made  to  take  the  form 

x^  +  (fif-^b'^x--\-c^y'^-\-dx  +  ey-vf,       .     .     .     (m) 
or  that  indicated  by  the  relations 

dx=—da~  ^x^y,     ey=-—ea~  '^xy'^, 
or  the  following  form, — 

{x-^ayf^[bx±cyf^-d^x  +  ^y-Vf,     .     .     .     (v) 

besides  others.  It  may  perhaps  be  worth  while  to  inquire 
whether,  by  sacrificing  the  symmetry  of  {f),  the  cubic  function 
may  not  be  rendered  symmetric ;  and  also  to  examine  the  cubic 
system,  con-esponding  to  {h)  and  {%)  of  p.  292,  vol.  ii.  S.  4,  which 
may  be  obtained  when  the  latter  function  is  supposed  to  vanish ; 
and  to  ascertain  whether,  as  the  solution  of  two  simultaneous 
quadi'atics  may  be  made  to  depend  on  that  of  a  cubic,  so  the 
solution  of  a  simultaneous  quadi'atic  and  cubic  may  not  be  made 
to  depend  on  that  of  an  equation  lower  than  the  sixth  degree. 
The  same  observations  apply  when  in  place  of  a  cubic  we  have  a 
higher  function.  I  think  it  right  to  add,  that  I  arrived  at  the 
solution  of  (n)  and  (o)  (Ibid.  p.  293)  by  an  assumption  of  the  form 

and  then  seeking,  by  this  linear  transformation,  to  render  the 
resulting  system  pseudo-homogeneous — that  is  to  say,  free  from 
the  first  dimension  of  a}  and  if.  The  expression  {p)  for  y  was 
at  once  indicated,  and,  thence,  my  solution  of  the  given  system 
— under  which  the  two  members  become  identical :  x  and  y  each 
satisfj'ing  a  functional  equation  of  the  form 

p{x)-x-g. 

Compare  this  wath  the  functional  relation  satisfied  by  the  roots 
of  a  certain  trinomial  quintic  (S.  3.  vol.  xxxii.  p.  52). 

(6.)  There  is  an  abnormal  system  of  quadi-uple  algebra  in 
which  the  imaginaries  are  subject  to  the  conditions 

«/3=— /3a  =  7,      7a=— a7  =  ^,      7^3=— /iS7  =  a. 

This  I  have  proposed  to  call  the  coquaternion  system  (see  p.  434 
of  vol.  XXXV.  S.  3.).  Let  M  be  the  modulus  of  the  coquaternion 
A,  then  we  may  make 

A  =  M  (5  +  a;' + /3;/ -J- -"-V 
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where  s,  t,  ii,  v,  which  are  all  real,  satisfy  the  relation 

{s±u±if  +  t^=l, 

the  signs  being  regulated  by  the  form  of  modulus  selected.  And 
we  arc  at  liberty  to  assume  that 

s  +  u  +  v=  cosp,  and  t=  sin  p. 

(The  anglejais  the  amplitude  of  the  coquaternion.)  And  if  we  make 

s  =  cjcosp,  u  =  rcosp,  and  r=  +  (1— g'  +  r)cos/?, 
any  coquaternion  may  be  put  under  the  form 

]M { ^  cosp  +  u  sin jD  +  /3r  cosp  +  'y{l  —  q  +  }')  cosp } . 

It  is  to  be  observed  that  (1)  the  modulus  of  the  product  of  two 
coquateruions  is  the  product  of  the  moduli  of  the  factors,  and 
(2)  the  amplitude  of  the  product  is  the  sum  of  the  amplitudes 
of  the  factors.  I  have  already  given  the  corresponding  expres- 
sion of  a  tessarine  (S.  3.  vol.  xxxvi.  p.  290).  Each  system  of 
multiple  algebra  may — like  the  quaternion  theory  with  reference 
to  geometry — be  the  appropriate  exponent  of  some  branch  of 
science,  or  find  some  peculiar  application  in  geometry  itself. 

I  am  indebted  to  Professor  W.  F.  Donkin  for  pointing  out  to 
me,  in  a  letter  dated  Keswick,  August  29,  1850,  that  "  it  is  easy 
to  give  an  interpretation  to  the  [tessarine]  symbols  considered 
as  representing  transposition ;  thus,  according  to  Sir  W.  Hamil- 
ton's notation,  we  should  have 

'■~^^-l,0,  -3,2>       y  "~  ^^2,  3,  0,  1»         '^"-^''-3,  2, -1,0" 

Professor  Donkin  adds,  that  "  perhaps  this  might  suggest  a  geo- 
metrical interpretation.^'  Should  such  an  interpretation  be  sa- 
tisfactorily arrived  at  and  acceded  to,  the  normal  nature  of  the 
tessarine  system  would  afford  a  great  practical  convenience. 

Let  O,  the  origin  of  coordinates,  be  the  centre  of  a  sphere 
whose  pole  is  A  and  radius  unity,  and  which  is  intersected  in  B 
by  the  radius  vector  of  a  tessarine.  Through  B  draw  a  great 
circle  meeting  the  first  meridian  in  C,  and  such  that  the  angle 
ABC  is  equal  to  ir  —  O;  then 

cos  C  =  cos  6  cos  yjr  +  sin  0  sin  y{r  cos  <f>, 

and  the  equation  for  the  submodulus  (S.  3.  vol.  xxxiv.  p.  47) 
may  be  expressed  as  follows, — 

V-  =  /Lt'^  sin  $  sin  cf)  cos  C. 

The  new  modulus  and  amplitude  (Ibid.  vol.  xxxvi.  p.  291)  will 
however  probably  supersede  the  former  expressions. 

(c.)  If,  in  certain  of  my  previous  researches  on  equations  (Ibid, 
vol.  xxvii.  p.  293),  we  denote  by  p  the  radical  in  (18)  the  re- 
maining coefficients  of  (16),  viz.  74,  75,  .  .  and  7,0  (misprinted 
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7o)  are  given  by  the  formula 

Consistency  must  be  observed  in  the  sign  of  the  radical  p  :  hence, 
considering  72  ^^  positive,  and  giving  to  J^^^  its  original  quadratic 
form,  if  we  make 

/2(9)=J(^)  +  R, (21) 

and  represent  by  'Kp^  q  the  coefficient  of  z  z  in  R,  and  by  7'^  and 
<y'l  the  two  values  of  7^  corresponding  respectively  to  the  positive 
and  negative  values  of  p,  the  following  relations  obtain, — 

Tp,?=7>i'  +  7>p  +  B'/>,g;    ....     (22) 

where,  when  p  and  q  are  equal,  the  middle  term  is  suppressed. 

The  subject  of  impossible  equations  has  been  pm-sued  with 
great  assiduity  and  zeal  by  Mr.  Robert  Harley,  who  has  discussed 
it  in  the  memoirs  of  the  Manchester  Literary  and  Philosophical 
Society  (vol.  ix.  pp.  207-235),  and  also  in  the  Mechanics^  Maga- 
zine (vol.  1.).     He  has  shown  that  if 

Vx-^  A/^Ti=0,  thena;=(-l)2{l-(-l)^}~'  • 

This  equation  I  had  previously  (Phil.  Mag.  S.  3.  vol.xxxvii.p.283) 
stated  to  be  insolvable.  So  far,  therefore,  as  that  equation  is 
concerned,  the  views  which  I  took  in-  the  paper  last  cited  must 
be  modified;  but,  as  at  present  advised,  I  do  not  conceive  that 
th^y  require  any  further  modification.  The  existence  of  impos- 
sible equations  cannot  but  be  admitted,  until  some  satisfactory 
and  consistent  mode  of  affecting 

Vm[  +  \Y  +  n{-\fox   v'p 

with  an  appropriate  sign  shall  enable  us  to  satisfy  such  equa- 
tions as  Y  =  0  and  Z  =  0.  Consider  for  a  moment  the  equation 
Y=0;  its  root  x  is  subject  to  the  conditions 

57-4=  (  +  1)2,  and  a;-l=4(-l)2, 

which  can  only  be  simultaneously  satisfied  by  supposing  that  the 
4  in  Y=0  is  of  the  form  4(-l)2,  and  the  1  of  the  form  (  + 1)^. 
What  justifies  these  suppositions  ?  What  prevents  their  violation 
by  the  express  form  which  we  are  at  liberty  to  give  to  our  sym- 
bols ?  It  would  seem  that  we  should  thus  obtain  an  absolutely 
impossible  equation.  Is  there  any  law  of  afi'ection  by  which,  x 
being  taken  of  the  form  p,  such  difficulties  can  be  obviated  ? 

2  Pump  Court,  Temple, 
April  19,  1852. 
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LXII.  On  the  Authorship  of  the  Account  of  the  Commcrcium 
Epistolicunij  published  in  the  Philosophical  Transactions.  By 
Professor  De  Morgan*. 

IN  Number  342  (Jan.  to  Feb.  1714-15)  of  the  Philosophical 
Transactions,  is  the  celebrated  paper  headed  "An  Account 
of  the  Book  entituled  Commercium  Epistolicum . .  .  /'  which  was 
translated  into  Latin  and  French,  the  former  in  the  prelimi- 
naries of  the  second  edition  of  the  Comm.  Epist.  itself,  the  latter 
in  vol.  vii.  oii)ie  Journal  Litteraire.  This  paper  has  been  attributed 
to  Newton  by  some ;  but  in  England  it  seems  to  be  generally 
supposed  that  Keill  was  the  author.  Many  writers  offer  no 
opinion.  Sir  David  Brewster  says  that  it  is  falsely  ascribed  to 
Newton,  but  without  stating  any  reason  beyond  the  groundless 
character  of  the  ascription.  Blot  says  that  it  appears  to  have 
been  written  by  Newton.  Moutucla,  on  information  received 
from  England  par  des  7iotes  de  bonne  main,  states  that  the  notes 
to  the  Comm.  Epist.  are  by  Newton:  this  I  suspect  to  be  a  con- 
fusion between  the  avowedly  new  and  separate  matter  of  the 
second  edition,  and  the  running  notes  in  the  first.  And  so  the 
matter  now  stands. 

Halley's  letter  to  Keill  of  Oct.  3,  1715  (Edleston's  Corre- 
spondence, &c.  p.  184)  concerning  the  French  translation,  may 
be  interpreted  in  favour  of  the  authorship  of  cither  Keill  or 
Newton ;  but  seems  to  render  it  probable  that  it  must  have  been 
one  or  the  other.  What  we  can  get  from  Keill  himself  amounts 
to  the  following.  In  his  epistle  to  John  Bernoulli,  separately 
printed t  in  1720,  we  find  "Est  etiam  ejusdem  Commercii  Ee- 
censio  sive  Epitome  in  Actis  Londinensibus  edita :  Prodieruut  et 
nostra  Responsiones  ad  tuas  amicorumque  tuorum  calumnias  " 
(p.  8) :  and  again,  "  In  Commercio  Epistolico  ejusque  Epitome, 
et  in  aliis  scriptis  a  me  editis.  .  .  ."  (p.  20).  In  the  first  extract  the 
Recensio  is  distinguished  from  Keill's  own  reply  inserted  in  vol.  iv. 
of  the  Journ.  Litteraire.  The  second  extract  is  ambiguous  :  if  it 
give  some  help  to  those  who  would  make  Keill  the  author  of 
the  Epitome,  it  gives  just  as  much  to  those  (Watt  and  others) 
who  set  him  down  as  the  editor  of  the  Comm.  Epist.  itself. 

I  shall  now  proceed  to  the  evidence,  external  and  internal,  on 
which  my  mind  is  satisfied  that  Newton  is  really  the  author  of 
the  paper  in  question. 

James  Wilson,  M.D.,  the  witness  in  this  matter,  was  probably 

*  Communicated  by  the  Author. 

t  The  Biogr.  Britann.  '  Keill,'  states  that  this  tract  has  the  thistle  on  its 
title-page,  with  Nemo  me,  &c.  My  copy  has  no  such  thing,  hut  only  Cohibe 
Vuiguam  tuam  a  malo,  et  labia  tua  ne  loqiianfiir  dolum.  Itmaj'be  that  this 
was  the  original  title-page,  and  that  remonstrance  or  second  thought  sug- 
gested the  erasure  of  this  rnther  offensive  motto. 
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about  the  same  age  as  his  friend  Dr.  PembertoUj  with  whom  he 
studied  medicine  at  Paris  :  Pemberton  was  born  in  1694.  The 
two  lived  in  closest  friendship  and  neighbourhood  to  the  end  of 
their  lives  :  Pemberton  died  early  in  1771,  leaving  his  books  to 
Wilson,  who  lived  to  publish  his  fr-iend's  course  of  Chemistiy, 
with  a  memoir,  and  died*  himself  on  Sept.  29  of  the  same  year. 
Wilson  also  describes  himself  as  the  friend  of  Brook  Taylor, 
and  to  this  I  have  Taylor's  attestation.  In  172.2,  Wilson  pub- 
lished Pemberton's  answer  to  his  questions  about  Cotes,  Epistola 
ad  Amicum  de  Cotesiiinventis,  vdth  an  appendix  in  1723  (London, 
4to).  In  his  copy  of  the  fii'st,  now  in  my  possession,  Taylor 
wrote  E  lihris  Br.  Taylor  Ex  dono  eximii  paris  amicorum,  autoris 
D.  H.  Pemberton,  at  que  editoris  D.  J.  Wilson.  Consequently, 
Wilson  lived  in  friendship  with  at  least  two,  and  probably  more, 
of  those  who  had  a  direct  connexion  ■nith  the  controversy ;  and 
that  he  was  a  very  good  mathematician,  a  high  fluxionist,  is 
obvious  from  the  letter  which  Pemberton  addi-essed  to  him. 
Again,  his  qualifications  as  an  historian  of  research  and  accui'acy 
are  well  attested  by  his  sketch  of  the  history  of  navigation, 
written  for  and  published  in  Robertson's  work  on  that  subject, 
and  reprinted  by  Baron  Maseres  in  the  foui'th  volume  of  the 
Scriptores  Logarithmici.  In  1761,  as  executor  of  his  friend 
Robins,  he  published  some  works  of  the  latter,  in  two  octavo 
volumes ;  and  at  the  end  of  the  second  volume  he  added,  by  way 
of  appendix  to  Robins's  tracts  on  the  Analyst  controversy,  a  very 
elaborate  and  \\  ell-referenced  discussion  on  several  points  of  the 
fluxional  controversy.  That  he  should  have  written  this  without 
consvdtation  with  his  most  familiar  friend  Pemberton,  or  that  a 
single  point  of  it  capable  of  difference  of  opinion  should  have 
escaped  discussion  between  them,  is  incredible;  and  that  any 
fact  on  which  Pemberton's  memory  differed  from  his  own  should 
have  been  repeated  over  and  over  again  by  him  without  statement 
of  the  discordance,  is  still  more  so.  And  this  most  especially  as 
to  matters  in  which  Newton  was  personally  concerned.  For 
Pemberton  was  Newton's  latest  editor,  the  last  man  with  whom 
he  advised  on  matters  relating  to  the  great  controversy,  and  who 
must  have  been  on  terms  of  intimate  acquaintance  -ndth  him  at 
the  very  time  when  the  republication  of  the  Comm.  Epist.,  and 
the  junction  with  it  of  the  paper  now  under  discussion,  must  have 
made  many  inquii'C  into  the  authorship  of  that  paper. 

Now  Wilson  affirms  that  Newton  wrote,  not  merely  the  Re- 
censio  in  question,  but  the  Ad  Lectorem,  and  the  remarks  on 
John  Bernoulli's  letter  which  terminate  the  second  edition  of 

*  See  the  Notes  and  Queries,  vol.  v.  pp.  362,  399,  Rigaud's  Historical 
Essay  on  the  Principia,  p.  107,  and  Wilson's  own  discourse  on  fluxions  pre- 
sently mentioned. 
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the  Comm.  Epist.  And  this  not  once,  but  many  times ;  and  not 
as  laying  any  stress  on  the  assertion  of  authorship,  but  just  in 
the  same  manner  as  when  he  affirms  that  Maclaurin  wrote  on 
fluxions,  or  that  John  BernouUi's  letter  is  at  page  448  of  the 
Journal  Litteraire  :  taking  all  these  matters  to  be  equally  beyond 
controversy.  Nowhere  does  he  hint  at  a  doubt  upon  the  sub- 
ject.    The  following  extracts  will  establish  these  points  : — 

(Pp.  323,  324.)  "  But  the  weakness  of  this  judgment  [the 
ce\ehva.ted  judicium  primaiii  mathematici]  has  been  fully  exposed 
by  Sir  Isaac  Newton  himself,  at  the  end  of  the  Commercium 
Epistolicum."     The  same  assertion  again  in  page  359. 

(P.  331.)  "They  talk  indeed  of  their  exponential  calculus  as 
a  great  discovery*  (*[note  irrelevant])  but  this  Sir  Isaac  Newton 
himself  has  hinted  to  be  really  of  no  usef.  (t  Philos.  Trans. 
N°  342.  p.  212.     Or  Comm.  Epist.  p.  46.)" 

(P.  332,  333.)  No  342  again  cited  to  prove  that  Newton  re- 
peats most  explicitly  that  he  had  no  physical  cause  of  gravity. 

(P.  334.)  "  Now  Sii"  Isaac  Newton  has  himself  informed  usf, 
(t  Comm,  EpistoHc.  in  the  preface,  page  penult.)  "  Qua3  novse 
Principiorum  editioni  praemissa  sunt,  Ncwtonus  non  vidit  ante- 
quam  Liber  in  lucem  prodiit;"  and  it  is  well  known  that  he  was 
much  dissatisfied  with  that  preface  for  more  reasons  than  one  . . ." 
That  is,  "Wilson  affii'ms  the  Ad  Ledorem  to  be  also  written  by 
Newton. 

(P.  335.)  "But  that  no  opinions  may  be  attributed  to  this 
great  man  which  he  never  held ;  see  what  he  has  said  excellently 
well  himself  in  the  Philosophical  Transactions,  N°  342  p.  222*, 
(*Com.  Epist.  p.  55,  &c.)  about  his  method  of  philosophising.''' 
In  the  same  page  the  same  reference  occurs  again,  as  reference 
to  objections  cleared  up  "  by  Sir  Isaac  Newton  himself.^'  And 
again  in  the  next  page  on  a  note  to  "  Sir  Isaac  Newton  has  him- 
self told  us  his  real  motives."     Again  also  in  pp.  342,  355,  361. 

(Pp.  367,  368.)  " ....  the  second  edition  of  the  Commercium 

Epistolicum where  Sir  Isaac  Newton  has,  in  the  Preface, 

Account  and  Annotation,  which  were  added  to  that  edition,  par- 
ticularly answered . .  .  . "  In  a  note  this  statement  is  repeated, 
both  as  to  No.  342,  and  the  preface,  or  Ad  Lectorem,  which 
Newton  inserted  in  "  a  second  edition,  he  made,  of  the  Commer- 
cium Epistolicum." 

This  statement,  namely,  that  Newton  wi'ote  the  paper  now 
chiefly  under  discussion,  as  well  as  the  Ad  Lectorem  and  post- 
script to  the  second  edition  of  the  Comm.  Epist.,  is  thus  woven 
into  the  very  fabric  of  "Wilson's  argument,  and  could  not  pos- 
sibly have  been  passed  over  by  Pembertou.  I  shall  now  proceed 
to  the  internal  evidence. 

The  paper,  No.  342,  was  presented  to  the  Royal  Society  m 
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the  three  months  which  are  always  marked  1714-15  :  in  the 
same  period  of  the  next  year  (Feb.  26)  Newton  wrote  the  letter 
to  Conti ;  and  subsequently,  in  April  or  ^lay,  the  Observations 
which  were  printed  after  Leibnitz's  death  in  Raphson^s  histoiy 
of  fluxions.  Between  these  later  productions,  published  under 
Newton's  hand,  and  the  anonymous  Account,  we  find,  I  think,  a 
considerable  likeness  of  style,  of  a  kind  which  cannot  be  made 
evident  except  to  those  who  examine  the  whole.  But  we  also 
find  many  marked  similarities  of  phrase ;  and  it  will  hardly  be 
thought  likely  that  Ne^-ton,  personally  engaged  vrith  the  chief 
of  his  opponents,  would  pick  up  the  very  recent  words  of  a  name- 
less follower.  The  paging  on  the  left  is  that  of  Raphson's  history, 
on  the  right  that  of  the  Account. 

Newton.  Author  of  the  Account. 

(P.  100.)  They  were  collected  (P.   2.21.)    The   Committee 

and  published  by  a  numerous  was  numerous  and  skilful,  and 

Committee    of    gentlemen    of  composed  of  gentlemen  of  se- 

several  nations,  vera!  nations. 

(P.  111.)  He  pressed  the  (P.  221.)  Mr.  Leibnitz  in- 
Royal  Society  to  condemn  Dr.  deed  desii-ed  the  Royal  Society 
Keill  without  hearing  both  to  condemn  Mr.  Keill  without 
parties.  hearing  both  parties. 

(P.  102.)  And  what  he  then  (P.  211.)    And  this 

acknowledged,  he  ought  still  to  which  he  then  acknowledged  to 

acknowledge.     (This  phrase  is  Dr.  Wallis,   he  ought  still  to 

repeatedandvariedseveral  times  acknowledge, 
in  both  works.) 

(P.  115.)    And  second  in-  (P.   215.)     For   second   in- 

ventors have  no  right.  ventors  have  no  right. 

I  shall  produce  more  instances  so  soon  as  I  find  that  more  are 
wanted ;  but  any  one  who  has  access  to  the  papers  cited  can 
find  them  for  himself.  For  myself,  however,  I  am  more  moved 
by  that  general  similarity  of  style  which  cannot  be  established 
by  instances,  than  by  special  accordances  of  phraseology.  Having 
been  accustomed  to  use  the  Latin  translation  of  the  Account,  I 
never  remarked  this  similarity  until  now. 

Throughout  the  paper  in  question  there  is  not  one  compliment 
to  Newton  (except  in  quotations  introduced  in  proof  of  assertions), 
not  one  word  expressive  of  admiration,  and  not  one  reference  to 
anything  he  had  done  which  he  might  not,  in  perfect  good  taste, 
have  been  the  author  of.  VTho  could  have  ^^Titten  thus  about 
Newton,  in  1714,  except  Newton  himself?  No  one  certainly, 
champion  or  assailant,  who  then  put  his  name  to  what  he  ^Tote. 
Keill  and  Leibnitz,  Taylor  and  Bernoulli,  always  let  us  see,  both 
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directly  and  indirectly,  that  when  they  write  of  Newton,  they 
acknowledge  an  exalted  intellect. 

The  Latin  translator,  in  one  place  which  has  caught  my  eye, 
seems  to  have  been  a  little  inclined  to  mend  the  baldness  of  his 
original.  Newton  (as  I  believe)  writes,  "  And  by  this  sort  of 
llailery  they  are  pcrswading  the  Germans  that  Mr.  Newton  wants 
Judgment,  and  was  not  able  to  invent  the  Infinitesimal  Method." 
The  Latin  has  it,  "  Atque  hujusmodi  cavillationibus,  homines  hi 
conterraneis  suis  persuasum  esse  cupiunt  judicio  eum  et  acumine 
parum  valere ;  neque  eum  esse  qui  Methodum  Infinitesimalem 
rem  tarn  arduam  invenire  potuisset." 

Throughout  the  paper  Newi:on  is  "  Mr.  Newton,"  never  "  Sir 
Isaac  Newton,"  nor  simply  "  Newton."  Now  though  the  first 
designation  be  chronologically  correct,  inasmuch  as  knighthood 
was  not  honoured  with  Newton  till  after  the  events  under  dis- 
cussion, still  it  is  unhkely  that  any  one  but  Ne\\i;on  himself  could 
or  would  have  been  so  correct  throughout  a  long  paper. 

Keill  took  his  (Oxford)  doctor^s  degree  at  the  Act  in  1713. 
The  author  of  the  Account  calls  him  Mr.  Keill,  Newton  calls  him 
Dr.  Keill  in  the  later  papers. 

It  will  be  noticed  that  the  Ad  Lectorem  and  the  Annotation 
in  the  Appendix  belong  to  Newton  on  the  external  testimony  of 
Wilson,  in  which  is  implied  the  testimony  of  Pemberton ;  while 
the  Recensio  has  both  the  external  and  internal  evidence.  How 
much  of  the  latter  kind  of  evidence  may  belong  to  the  two  former 
pieces  I  am  not  now  prepared  to  say. 

In  papers  on  Robius^s  tracts,  printed  in  the  Republic  of  Letters 
for  1735  and  1736,  and  reprinted  by  Wilson  {op.  cit.),  there  is 
the  same  frequency  of  reference  to  No.  342,  and  the  same  uni- 
form attribution  of  it  to  Newton,  which  we  have  seen  in  Wilson's 
dissertation.  Whether  these  re\dews  were  ^\Titten  by  Robins,  by 
Wilson,  or  by  another,  they  show  us  the  assertion  of  Newton's 
authorship,  publicly  made  within  a  few  years  of  his  death ;  and 
I  am  not  aware  that  any  one  of  the  time  denied  it. 

I  suppose  the  information  furnished  by  the  bonne  main  to 
Montucla,  and  which  he  probably  misunderstood,  to  have  been 
given  by  some  other  than  Wilson,  probably  by  some  one  who 
saw  Pemberton's  papers  (as  ]\Iontucla  states)  in  the  hands  of  his 
representatives.  Rigaud  states  that  the  residuary  legatee  of 
Dr.  Pemberton  was  the  husband  of  his  niece,  jMr.  ]\liles,  a  timber 
merchant  at  llotherhithe,  who  was  alive  in  1788,  and  had  sons. 
It  ^\'ill  be  desirable  to  repeat  this  statement  from  time  to  time, 
so  long  as  there  is  the  least  chance  of  discovering  Pemberton's 
papers. 

April  21,  1852. 
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LXIII.  On  the  supposed  Identity  of  the  Agent  concerned  in  the 
Phenomena  of  ordinary  Electricity,  Voltaic  Electricity,  Electro- 
magnetism,  Magneto-electricity,  and  Thermo-electricity.  By 
M.  Donovan,  Esq.,  M.R.I.A. 

[Continued  from  p.  347.] 

Section  V. 

HAVING  now  discussed  the  subject  of  the  last  section  as 
fully  as  seemed  necessary,  I  proceed  to  a  most  important 
branch  of  the  investigation,  one  that  is  immediately  connected 
with  the  preceding.  The  instantaneous  charge  which  a  large 
Leyden  battery  receives,  by  a  momentary  contact  \Nath  an  ex- 
tensive voltaic  series,  has  been  always  adduced  as  an  argument 
in  support  of  the  affirmed  enormous  quantity  of  electricity  which 
constitutes  the  voltaic  cm-rent.  The  phsenomenon  when  first 
discovered  made  a  powerful  impression  on  the  minds  of  philo- 
sophers, and  a  strong  conviction  has  been  the  result.  I  never 
was  able  to  participate  in  this  connction ;  and  the  first  circum- 
stance which  raised  my  doubts  was  the  feebleness  of  the  shock 
which  a  Leyden  battery  so  charged  is  capable  of  communicating, 
when  compared  with  that  given  by  the  voltaic  series  with  which 
the  Leyden  batteiy  was  charged.  Many  years  since.  Sir  H. 
Davy  induced  me  to  take  the  shock  of  .a  Leyden  battery  charged 
by  a  voltaic  battery  of  one  thousand  pair's  of  zinc  and  copper, 
each  four  inches  square,  then  newly  constructed  for  the  Royal 
Dublin  Society  :  the  shock  was  insignificant,  and  the  spark 
trivial.  Accident  afterwards  gave  me  the  shock  of  the  thousand 
pairs;  it  was  the  most  tremendous  sensation  that  can  be  con- 
ceived, and  nearly  prostrated  me. 

There  are  several  accounts  extant  of  the  charge  communicated 
by  voltaic  series  to  Leyden  batteries ;  but  many  of  the  trials  were 
made  with  dry  piles,  or  water  batteries,  or  the  contact  of  the 
Leyden  battery  with  the  voltaic  seiies  was  still  maintained  at  the 
moment  of  the  discharge ;  such  trials  therefore  do  not  aff'ord  the 
kind  of  information  here  required.  There  are  however  other 
experiments  on  record  relative  to  this  subject,  which  supply 
materials  for  strong  arguments. 

Van  Marum  charged  a  Leyden  battery  of  twenty-five  jars, 
containing  a  coated  surface  of  137^  square  feet,  by  a  momentary 
connexion  with  a  pile  consisting  of  200  pairs  of  silver  coins  and 
zinc  discs  one  inch  and  a  half  in  diameter.  It  was  charged  to 
the  exact  same  tension  as  the  pile  itself,  which  was  such  as  to 
occasion  a  divergence  of  the  gold  leaves  of  Bennetts  electrometer 
to  the  extent  of  five-eighths  of  an  inch.  The  result  was  the 
same  in  many  experiments.     The  shock  given  by  the  Leyden 
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battery  so  charged,  "  extended  to  the  shoulders  with  much  force ;" 
but  they  "  had  not  however  the  same  force  as  those  of  tlie  ])ilc 
from  which  they  had  been  charged/^  He  estimated  the  force  of 
the  shock  given  by  the  Leydcu  battery,  when  charged  by  the 
200  pairs,  as  equal  to  the  shock  of  100  pairs  when  taken  directly 
from  the  pile  itself;  that  is,  in  all  his  trials  with  different  num- 
bers of  pairs,  the  charge  communicated  to  the  Leyden  battery 
had  but  half  the  power  of  the  pile  which  afforded  it.  lie  then 
endeavoured  to  discover  the  ratio  of  the  charging  power  of  the 
pile  compared  with  that  of  a  31 -inch  plate-machine  belonging  to 
the  Tcylerian  IMuseum  (not  the  large  one) ;  and  after  many  ex- 
periments, found  that  one  momentary  contact  of  the  pile  with 
the  Leyden  battery  charged  the  latter  to  the  intensity  above- 
mentioned,  while  six  equally  momentary  contacts  with  the  con- 
ductor of  the  plate-electrical  machine,  made  by  an  insulated  rod, 
were  required  to  bring  the  Leyden  battery  to  the  same  intensity. 
But  as  no  account  is  given  of  the  rate  at  which  the  plate  was  re- 
volving at  the  instant  of  contact,  the  ratio  of  1  to  6  taken  by 
itself  conveys  no  information*. 

It  appears,  however,  that  the  shock  from  this  immense  Leyden 
battery  must  have  been  very  small.  Those  who  have  had  expe- 
rience of  piles,  are  aware  of  these  feeble  eflFects  compared  with 
other  forms  of  the  voltaic  apparatus.  The  superincumbent 
weight  of  the  column  presses  the  greater  part  of  the  exciting 
liquid  from  the  interposed  cloths  ;  streams  of  a  good  conducting 
liquid  arc  therefore  continually  trickling  down,  while  the  cloths 
are  left  almost  dry ;  the  insulation  of  the  pairs  is  thus  destroyed, 
and  the  chemical  action  on  the  zinc  is  rendered  feeble.  Hence 
the  power  of  so  small  a  number  as  200  pairs  to  give  shocks, 
when  reduced  to  one-half  by  being  transferred  to  the  Leyden 
battery,  could  not  be  great.  This  conclusion  is  supported  by 
the  fact  that  the  power  of  the  200  pairs  to  produce  divergence 
of  the  gold-leaf  electrometer,  through  the  intervention  of  the 
Leyden  battery,  was  equalled  by  the  same  battery  when  charged 
with  six  contacts,  during  a  time  "  as  short  as  possible,"  with  the 
conductor  of  a  31 -inch  plate-machine,  the  period  of  each  contact 
being  estimated  by  Van  ]\larum  at  one-twentieth  of  a  second. 
Some  estimate  of  the  electricity  thus  thrown  in  may  be  formed 
by  comparing  the  effects  of  this  31 -inch  plate-machine  with 
those  produced  by  a  powerful  one  belonging  to  the  Koyal  Insti- 
tution, the  plate  of  which  is  nearly  of  three  times  greater  area 
(viz.  50  inches  diameter)  than  Van  Marum^s.  This  large  plate, 
as  Professor  Taraday  informs  us,  gives  ten  or  twelve  sparks  of 
an  inch  long  for  each  revolution,  the  revolution  occupying  four- 
fifths  of  a  second  of  time.  At  this  rate,  supposing  each  revolu- 
*  Annales  de  Chimie,  xl.  p.  289. 
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tion  of  'Van  Marum's  machine  to  occupy  half  the  time,  the 
quantity  thrown  in  dui'ing  the  six  contacts  would  amount  to  a 
single  one-inch  spark.  Indeed  the  divergence  of  the  gold-leaf 
electrometer,  connected  with  the  Leyden  batteiy,  seems  to  have 
indicated  a  veiy  low  intensity,  since  it  amounted  to  no  more  than 
five-eighths  of  an  inch,  an  eflFect  which  would  be  doubled  by  the 
approach  of  a  bit  of  excited  sealiug-wax,  ^^^thout  any  battery. 
It  is  quite  plain  therefore  that  the  shock  given  by  the  Leyden 
battery  must  have  been  a  very  small  one. 

It  is  well  known  that  the  shock  of  the  pile  is  remarkable  for 
extending  its  influence  but  a  short  way  along  the  arms ;  it  affects 
the  fore-arm  rather  than  the  arm ;  to  convey  it  to  the  shoulder 
a  considerable  number  of  paii-s  must  be  requisite ;  and  it  is  to  be 
recollected  that  the  pile  is  the  weakest  in  its  effects  of  all  the 
forms  of  the  voltaic  battery.  In  Van  ^larum^s  case  the  shock 
was  only  equal  to  that  of  100  pairs ;  and  if  this  was  felt  at  the 
shoulders,  the  fact  only  proves  an  uncommon  degree  of  sensitive- 
ness in  the  person.  Perhaps  when  Van  ]\Iarum  stated  that  the 
shocks  '^extended  to  the  shoulders  with  much  force,^''  he  only 
meant  "  with  much  force  making  all  due  allowance  for  the  weak- 
ness of  the  pile  itself;^'  and  in  giving  it  this  interpretation  we 
must  recollect  that  the  statement  is  made  in  a  comphmentary 
letter  from  Van  j\Iarum  to  the  illustrious  inventor  of  the  pile, 
Yolta  himself.  The  meaning  will  plainly  appear  to  be  this 
when  his  results  are  compared  with  those  of  Sir  H.  Davy,  who 
had  at  his  disposal  the  most  powerful  apparatus  that  had  ever 
been  constiiicted.  Sir  H.  Daly's  statement  is  on  this  account 
the  most  valuable.  He  used  the  enormous  power  of  2000  pairs 
of  zinc  and  copper,  each  plate  exposing  32  superficial  inches  of 
metal  to  the  exciting  liquid ;  the  total  sm*face  being  128-000 
square  inches.  The  shock  from  such  a  batteiy  would  be 
dreadful,  if  not  fatal :  I  can  speak  feelingly  of  the  shock  from 
1000  pairs  of  new  plates ;  anything  more  tremendous  I  coidd 
not  conceive ;  it  raised  a  large  blister  on  one  of  the  two  parts 
that  received  it,  and  almost  prostrated  me;  what  must  double 
the  number  be?  Yet,  wonderful  to  saj-,  a  Leyden . battery 
charged  by  2000  pau-s  gave  a  shock  the  force  of  which  may  be 
inferred  from  Sir  H.  Da^y's  expression,  that  "on  making  the 
proper  connexion  (with  the  hands),  either  a  shock  or  a  spark 
could  be  perceived."  Thus  the  shock  was  merely  perceptible ; 
and  this  corresponds  with  my  recollection  of  the  shock  from  a 
battery  charged  by  1000  paii-s :  Yolta  himself  represents  the 
shock  as  sensible.  It  appears  also  that  the  spark  was  such  that 
it  could  be  merely  "perceived."  It  should  be  observed  here 
that  any  longer  connexion  than  a  momentary  one,  between  the 
Leyden  battery  and  the  voltaic  series,  does  not  increase  the 
charge  of  the  fomier. 
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The  trifling  nature  of  the  spark  is  shown  strikingly  by  Mr. 
Gassiot's  experiments :  with  a  nine-gallon  Leydeu  battery, 
charged  by  1024  pairs  of  plates,  that  gentleman  could  only  pro- 
ject a  spark  to  a  distance  of  j—^dth  of  an  inch. 

In  support  of  the  inference  here  drawn  of  the  very  trifling 
nature  of  the  shock,  and  the  inconsiderable  quantity  of  electri- 
city which  a  Leyden  battery  is  capable  of  communicating,  when 
charged  by  a  voltaic  series,  I  shall  detail  an  experiment  lately 
made  in  the  laboratory  of  the  Royal  Dublin  Society,  by  Professor 
E.  Davy  and  me.  We  used  twenty  Wedgwood-ware  troughs, 
each  containing  ten  cells ;  the  number  of  plates  was  therefore 
200  of  zinc  and  the  same  of  copper,  each  plate  presenting  a  sur- 
face of  20  square  inches  on  each  side.  The  exciting  liquid  in 
each  trough  consisted  of  140  ounces  of  water,  3^  ounces  of  con- 
centrated sulphuric  acid.  If  ounce  of  nitric  acid,  and  the  same 
of  muriatic  acid,  all  taken  by  measure.  When  the  battery  was 
connected  and  put  in  action,  the  polar  wires,  armed  with  charcoal 
terminations,  were  brought  in  contact.  An  instantaneous  burst 
of  light,  of  dazzling  splendour,  announced  that  the  battery  was 
in  high  action.  Having  removed  the  charcoal  terminations,  we 
connected  the  polar  wires  with  the  inside  and  outside  coatings 
of  a  Leyden  battery  of  six  jars,  the  total  coated  surface  of  which 
amounted  to  12^  square  feet,  and  after  two  or  three  moments  of 
contact,  applied  a  discharging  rod;  but  there  was  not  the 
slightest  spark ;  nor  were  several  repetitions  of  the  experiment 
attended  by  any  better  success.  Having  established  the  con- 
nexions as  before,  w^e  tried  to  obtain  a  shock  from  the  Leyden 
batteiy  when  it  was  detached,  but  neither  of  us  experienced  the 
slightest  sensation  after  several  trials. 

We  then  proved  that  there  was  no  defect  in  the  Leyden  bat- 
tery, and  that  it  was  adequate  to  receive  and  retain  the  smallest 
charge,  had  there  been  any,  by  connecting  it  with  a  Nairue's 
electrical  machine.  It  resulted  that  three  turns  of  its  cylinder 
were  sometimes  sufiicient  to  afford  a  spark  visible  in  day-light, 
from  the  Leyden  battery ;  and  that  six  turns  were  adequate  to 
the  communication  of  a  very  slight  shock.  This  cylinder  is  6f 
inches  in  diameter,  the  rubber  is  8  inches  in  length  ;  the  con- 
ductors are  each  3  inches  in  diameter  and  12  inches  in  length. 
Thus  it  is  a  very  small  machine ;  its  sparks  vary  from  an  inch  to 
an  inch  and  a  quarter  in  length,  are  very  dilute  in  appearance, 
and  theii"  snap  feeble. 

Tlie  experiment  proved  that  three  turns  of  this  cylinder  af- 
forded from  the  Leyden  battery  a  perceptible  spark ;  hence 
whatever  electricity  the  200  pairs  of  plates  had  communicated 
to  it  must  have  been  less,  as  it  was  altogether  undiscoverable. 
A  subsequent  trial  of  the  eyUnder,  made  immediately  after  the 
experiments  with  the  Leyden  battery,  proved  that  each  revolu- 
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tion  of  the  cylinder  projected  a  spark  of  an  inch  in  length. 
Thus  the  capability  of  the  Leyden  battery  to  manifest  the  pre- 
sence of  three  one-inch  sparks  was  proved ;  it  was  also  proved 
that  200  pairs  of  plates  did  not  communicate  so  much ;  and  as 
six  revolutions  of  the  cylinder  imparted  to  the  Leyden  battery 
such  a  quantity  of  electricity  as  gave  a  sensible  shock,  that  shock 
was  proved  to  be  virtually  occasioned  by  six  one-inch  sparks. 

Our  failure  to  obtain  the  results  of  Van  ]\Iarum,  or  even  of 
Sir  H.  Davy,  is  perhaps  to  be  explained  by  the  small  size  of  the 
Leyden  battery  employed  by  us ;  it  contained  but  12i  square 
feet,  Van  Marum^s  contained  137^. 

So  far  as  these  experiments  with  the  Leyden  battel-}'  warrant, 
I  can  see  no  evidence  of  great  quantity  of  electricity;  but  even 
if  there  were,  it  can  be  shown  that  it  would  by  no  means  support 
the  notion  of  the  enormous  quantity  of  electricity  which  is  said 
to  constitute  the  current  of  the  voltaic  series,  and  that  it  would 
be  quite  foreign  to  the  real  question.  Every  one  knows  that 
there  are  two  conditions  of  a  voltaic  series  which  are  capable  of 
producing  veiy  different  results ;  nz.  when  the  circuit  is  open, 
and  when  it  is  closed.  In  the  open  circuit,  electricity  is  mani- 
fested which  displays  no  chemical  powers ;  ^Ir.  Gassiot,  with  a 
well-insulated  water  battery  of  320  pairs  of  plates,  proved  this ; 
he  connected  one  polar  wire  with  the  ground,  and  the  other  with 
paper  moistened  with  solution  of  iodide  of  potassium ;  but  there 
was  not  the  least  trace  of  decomposition,  although  we  know  that 
under  such  circumstances  the  electricity  of  the  pole  thus  inactive 
is  doubled  in  intensity,  and  will  produce  double  the  divergence 
in  a  gold-leaf  electrometer  ;  but  when  the  polar  wires  were  con- 
nected, the  decomposition  of  the  iodide  was  energetic*.  On  the 
other  hand,  when  the  circuit  is  closed,  the  chemical  powers  of 
the  series  are  rendered  evident,  but  the  electrical  appearances 
cease. 

In  all  ordinary  voltaic  series,  the  smallest  separation  of  the 
polar  wires  is  an  interruption  of  the  circuit  sufficient  to  cause 
cessation  of  the  true  voltaic  action,  and  to  restore  the  same  elec- 
trical condition  of  the  poles  that  existed  before  the  connexion 
was  made.  Faraday  found  that  the  thinnest  possible  film  of  ice 
so  perfectly  interrupted  the  circuit  that  an  interposed  galvano- 
meter was  not  affected. 

"When  the  polar  wires  of  a  voltaic  series  are  connected,  one 
with  the  inside  of  a  Leyden  battery  and  the  other  with  the  out- 
side coating,  the  polar  wires  are  not  in  contact,  no  circuit  is 
formed,  no  chemico-voltaic  action  of  the  exciting  liquid  on  the 
zinc  takes  place ;  hence  there  can  be  no  more  real  voltaic  action 
in  operation  than  there  is  in  any  other  case  of  an  interrupted 
*  Philosopbical  :Magaziiie,  Oct.  1844,  p.  290. 
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circuit.  The  polar  wires  are  in  contact  wnth  the  two  coatings  of 
the  jars  ;  the  two  coatings  are  therefore  now  the  real  polar  con- 
ductors, notwithstanding  their  extensive  surface ;  but  they  are  not 
in  contact,  for  they  are  surrounded  on  all  sides  by  an  insuperable 
barrier  of  glass  ;  they  arc  in  fact  perfectly  insulated.  How  is  it 
possible  that  the  Leyden  battery  can,  under  such  circumstances, 
receive  from  an  unclosed  circuit  a  charge  of  what  has  a  title  to 
be  considered  the  true  current  of  the  voltaic  agent,  and  which 
can  only  circulate  in  the  closed  current  ? 

The  state  of  the  case  appears  to  be  this.  The  opinion  here 
impugned  is,  that  the  current  is  the  condition  of  voltaic  electri- 
city which  produces  the  phenomena,  and  that  it  consists  of  an 
enormous  quantity  of  electricity  in  rapid  flow.  One  of  the 
proofs  offered  is,  that  a  Leyden  battery  receives  an  immediate 
charge  from  a  connexion  vdXh.  the  voltaic  series.  But  it  has  just 
been  shown,  that,  during  this  connexion  with  the  voltaic  series, 
the  current  docs  not  exist ;  hence  the  charge  of  the  Leyden 
battery  cannot  be  derived  from  it ;  and  were  the  charge  ever  so 
great,  it  woidd  prove  nothing  relative  to  the  current.  The 
charge  merely  shows  that,  in  the  unclosed  cu'cuit,  free  electricity 
is  present,  but  that  its  quantity,  at  any  moment,  is  in  a  position 
which  even  the  supporters  of  the  hypothesis  in  question  deny, 
and  justly,  since  it  appears  that  the  experiments  of  Sir  H.  Davy, 
Van  Marum,  Professor  E.  Da\^  and  myself  with  the  Leyden 
battery,  evince  that  the  quantity  in  the  unclosed  circuit  is  incon- 
siderable. 

Indeed,  it  appears  difficult  to  account  for  the  shock  given  by 
a  voltaic  series  at  all  according  to  received  opinions.  The  shock 
of  one  or  two  thousand  pairs  of  plates  is  tremendous  and  over- 
powering. The  intensity  is  admitted  to  be  exceedingly  feeble, 
out  the  quantity  is  affirmed  to  be  very  great,  and  to  its  efficacy 
the  shock  is  attributed.  Abstracting  from  all  other  objections, 
the  following  seems  to  be  of  no  small  force. 

That  intensity  is  the  efficient  condition  of  electricity  for 
giving  a  shock  is  shown  by  all  known  facts.  If  a  person  place 
one  hand  on  the  negative  conductor  of  the  largest  electric  ma- 
chine, and  his  other  hand  on  the  positive  one,  the  utmost  power 
of  the  machine  will  not  cause  any  sensation.  But  let  him  remove 
one  hand  to  a  distance  of  ten  or  twelve  inches,  retaining  the  other 
in  its  place,  and  he  will  obtain  crooked  sparks,  every  one  of  which 
will  amount  to  a  severe  shock.  At  the  distance  of  three  or  four 
inches  he  will  be  struck  by  a  torrent  of  sparks  which  will  be  ab- 
solutely intolerable,  if  the  electric  machine  possess  great  power. 
Yet  here,  the  quantity  of  electricity  is  the  same  as  when  the  two 
hands  touched  the  conductors,  but  the  intensity  is  very  different : 
intensity  gave  powerful  shocks,  quantity  did  nothing.     The  in- 
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tensity  of  a  Leyden  batten*  will  kill  an  animal ;  but  reconvert  that 
intensity  into  quantity  by  causing  the  animal  to  draw  off  the 
charge  by  a  shai-p  point,  and  no  sensation  will  be  experienced. 
If  then  intensity  be  thus  proved  to  be  the  effective  condition  for 
giving  the  shock  and  spark,  how  is  the  fact  reconcileable  with 
the  nolent  one  which  may  be  taken  from  a  voltaic  series  in  which 
the  electric  intensity  is  of  the  most  feeble  character  ? 

The  \-iews  which  I  suggested  at  the  commencement  of  this 
essay,  relative  to  the  compound  natui-e  of  the  electric  fluid,  and 
the  vai'iable  ratio  of  its  constituent  elements,  would,  in  my 
opinion,  accord  better  with  the  cii'cumstances  of  the  charge  of  a 
Leyden  battery,  by  a  voltaic  series,  than  the  assumed  agency  of 
quantity  of  electricity.  "Were  I  to  offer  an  ex]3lanation,  it  would 
be  based  on  the  following  notions. 

That  ordinary  chemical  agency  developes  electricity  has  long 
been  known ;  combustion,  evaporation,  effervescence,  and  some 
other  processes  evolve  this  fluid.  The  solution  of  a  metal  in  an 
acid  is  a  case  in  point,  and  some  instances  have  been  supplied 
by  Lavoisier  and  La  Place*  In  one  experiment  some  iron-lihngs 
were  introduced  into  a  wide-mouthed  bottle,  and  sulphuric  acid 
diluted  v,-\t\i  three  parts  of  water  was  poiu'ed  on.  A  brisk  dis- 
engagement of  hyth'ogen  ensued,  and  in  a  few  minutes  the  con- 
denser of  Volta  became  so  highly  charged  with  electricity  that  it 
afforded  a  brilliant  spark. 

Electricity  of  this  kind  has  been  always  recognised  as  identical 
with  common  fnctioual  electiicity.  In  a  voltaic  series,  a  number 
of  pieces  of  metal  are  subjected  to  the  chemical  action  of  an  acid 
or  some  other  menstruum;  it  is  therefore  quite  an  analogical 
fact  that  electricity-  of  the  ordinaiy  kind  is  developed ;  but  when 
one  state  of  electricity  is  produced  in  one  situation,  the  opposite 
state  must  exist  somewhere  near  it.  It  is  so  in  the  voltaic  series  ; 
the  opposite  poles  are  brought  into  opposite  states  and  so  main- 
tained by  some  agency  which  I  do  not  profess  to  comprehend, 
and  which,  notwithstanding  the  explanations  hazarded  by  philo- 
sophers, seems  as  little  understood  as  ever.  In  this  state  of 
electrical  tension  the  poles  remain,  while  the  balance  between  di- 
spersion and  generation  is  preserved  ;  such  is  the  state  of  the  open 
circuit. 

But  when  the  circuit  is  closed  by  connecting  the  poles,  the 
case  is  very  much  altered ;  the  two  opposite  states  of  electricity 
neutralize  and  destroy  each  other ;  hence  all  symptoms  of  free 
electricity  cease,  and  a  new  set  of  phsenomena  are  produced.  A 
new  mode  of  generation  of  electricity  also  seems  to  come  into 
operation,  constituting  voltaic  excitement ;  an  electric  fluid,  which 
possesses  more  intense  properties,  is  developed  by  the  altered  cii*- 
*  Memoires  de  VAcademie  Roy  ale  des  Sciences,  1781,  p.  293. 
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cumstances  of  the  chemical  action  now  taking  place,  the  result 
of  which  I  conceive  to  be  an  alteration  in  the  constitution  of  that 
agent.  The  cause  or  manner  of  this  alteration  I  am  no  more 
able  to  assign  than  the  supporters  of  the  common  hypothesis  are 
to  explain  the  difference  between  tension  and  current  by  the 
agency  of  quantity.  The  differeiice  of  properties  between  conmion 
and  voltaic  electricity  is  nevertheless  so  obvious,  to  all  appearance, 
that  it  was  formerly  attributed  to  the  operation  of  a  distinct  gal- 
vanic fluid  or  influence. 

According  to  these  views,  the  phsenomena  of  the  charged 
Leyden  battery  become  perhaps  a  little  more  intelligible.  When 
the  connexion  of  the  poles  of  the  voltaic  series  is  made  with  the 
coatings  of  the  Leyden  battery,  the  circuit  still  remains  open, 
just  as  it  did  before  the  connexion.  Ordinary  electricity  only  is 
generated,  as  in  the  experiment  of  Lavoisier  and  La  Place,  and 
it  gives  a  weak  charge  to  the  Leyden  battery.  This  battery  will 
accordingly  give  a  common  electric  shock  or  spark,  both  of  a  very 
feeble  kind,  even  although  the  battery  be  very  large  and  the  vol- 
taic series  extensive ;  but  when  the  Leyden  batteiy  is  removed, 
and  the  connexion  between  the  two  poles  of  the  voltaic  series  is 
efi'ected  by  the  application  of  a  wet  hand  to  each,  the  circuit  is 
at  that  moment  closed  by  a  good  conductor ;  the  true  chemico- 
voltaic  action  of  the  exciting  liquid  therefore  instantly  takes  place  ; 
the  electric  fluid,  now  altered  by  a  change  in  the  ratio  of  its  con- 
stituent elements,  is  evolved,  and  a  violent  shock  is  received  which 
is  continued  as  long  as  the  contact  subsists.  The  moment  the 
hands  are  removed,  the  true  chemico-voltaic  action  ceases ;  the 
chemical  action  that  succeeds  is  of  the  ordinary  kind,  and  common 
electricity  is  evolved  as  at  first. 

This  immediate  charge  of  a  Leyden  battery  is  the  circumstance 
from  which  the  enormous  quantity  of  electricit)^,  afiirmed  to  be 
generated  by  a  voltaic  series,  derives  its  chief  support.  It  is  an 
interesting  phsenomenon ;  but  if  the  foregoing  reasonings  be 
well-founded,  the  inquiry  into  that  part  of  the  subject  is  foreign 
to  the  question  relative  to  the  alleged  identity,  the  real  one  being, 
not  whether  much  electricity  rapidly  enters  the  Leyden  battery, 
but  whether  that  electricity  is  the  cause  of  the  phsenomena  which 
a  voltaic  series,  not  the  Leyden  battery,  presents.  If  the  shock 
given  by  the  Leyden  batteiy,  charged  by  the  voltaic  series,  be 
merely  the  effect  of  ordinary  electricity,  and  not  the  same  as  tlie 
shock  given  by  the  series  itself,  it  were  beside  our  purpose  to 
make  any  inquiries  about  it. 

How  the  defenders  of  the  electrical  hypothesis  of  galvanism 
can  acknowledge  that  the  Leyden  battery  is  charged  with  elec- 
tricity from  an  unclosed  circuit,  and  assume  the  fact  as  corrobo- 
rative of  their  views,  seems  unaccountable,  when  they  at  the  same 
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time  affirm  that  the  current  of  electricity  is  only  called  into  action 
when  the  circuit  is  closed,  which  is  not  the  case  in  the  instance 
under  consideration. 

Beside  the  foregoing  objections  against  adducing  the  Leyden 
battery  in  support  of  the  alleged  efficiency  of  quantity  to  explain 
the  difference  between  voltaic  and  ordinary  electric  phsenomena, 
it  may  be  worth  while  to  make  some  further  animadversions. 

Various  opinions  have  prevailed  with  regard  to  the  natui'e  of 
electricity  :  some  suppose  that  it  is  an  imponderable  transferable 
elastic  fluid ;  others  that  it  consists  of  two  such  fluids  ;  others 
that  it  is  not  a  transferable  elastic  fluid,  but  vibrations  of  a  sta- 
tionary fluid ;  while  others  maintain  that  there  is  no  fluid,  and 
refer  the  phenomena  to  molecular  vibrations  of  the  electrified 
substance. 

Be  this  as  it  may,  those  who  believe  in  the  existence  of  an 
elastic  fluid,  or  two  such,  have  explained  electrical  phaenomena 
by  positive  and  negative  electricity.  The  passage  of  one  or  two 
electric  fluids  from  one  body  to  or  through  another,  is  called  a 
current,  and  the  idea  of  a  current  naturally  enough  involves  the 
idea  of  quantity.  It  is  thus  that  we  talk  familiarly  of  the  enor- 
mous quantity  of  electricity  which  must  circulate  in  a  current, 
and  which  in  an  instant  communicates  a  charge  to  a  Leyden 
batteiy.  All  this  is  \evy  intelligible,  although  not  satisfactory, 
pi'odded  that  such  a  fluid  does  really  exist  and  that  it  flows  in  a 
cun'ent,  but  no  one  has  ever  been  able  to  prove  these  conditions. 
In  fine,  when  a  Leyden  battery  is  charged,  we  have  no  knowledge 
of  its  being  filled  with  anything ;  all  is  conjecture  :  but  a  fos- 
tered h^^Dothesis  has  produced  a  kind  of  common  consent  that 
it  is  full  of  a  fluid.  Now  this  position  may  be  denied ;  and  it  has 
been  questioned  by  no  less  a  judge  than  Sir  H.  Davy,  who  in- 
clined to  the  opinion  that  there  is  no  specific  fluid  ;  and  Faraday 
is  far  from  discarding  the  same  doubt.  All  arguments  concerning 
the  identity  of  voltaic  and  common  electricity,  founded  on  quan- 
tity and  the  instantaneous  charge  of  a  Leyden  batteiy,  must,  in 
that  view,  at  once  fall  to  the  ground,  and  the  contemplated  proof 
turn  out  a  failure. 

Those  who  adopt  the  opinion  that  electric  phfenomena  are 
produced  by  vibrations  of  some  elastic  medium,  must  admit  that 
as  impulses  communicated  to  elastic  media  will  be  transmitted 
through  them  with  uniform  velocity,  a  momentary  contact  of  a 
Leyden  battery  with  a  voltaic  series  ought  to  throw  the  natural 
electricity  of  the  former  into  a  state  of  vibration  similar  to  that 
of  the  electricity  of  the  latter,  in  such  a  manner  as  air  is  supposed 
to  be  thrown  when  it  is  made  the  medium  of  sound.  If  the 
voltaic  charge  of  the  Leyden  battery  be  of  this  vibratoiy  kind, 
the  wonder  of  its  instantaneous  communication  is  at  an  end,  and 
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the  evidence  in  favour  of  the  alleged  identity  derived  from  quan- 
tity is  of  no  force.  The  adherents  of  the  doctrine  of  identity  may 
profess  that  their  explanations  of  phsenomena  are  independent  of 
all  hypothetical  notions  of  two  fluids,  of  one,  or  of  none,  or  of 
vibrations.  They  may  declare  that  they  only  use  the  language 
of  these  suppositions  for  convenience  of  communication.  Let 
these  persons,  however,  in  conceiving  the  phfenomena  which  they 
describe  as  resulting  from  an  enormous  quantity  of  electricity 
generated  in  the  voltaic  series,  abstract  from  all  notion  of  an 
elastic  fluid,  or  two  such,  circulating  in  rapid  currents,  and  then 
try  if  their  minds  be  impressed  w^th  any  real  ideas  when  the 
words  representing  these  ideas  are  thus  deprived  of  the  meaning 
which  gave  them  currency  in  their  reasonings. 

In  the  early  discussions  which  took  place,  relative  to  the  identity 
of  the  electric  fluid  and  the  galvanic  influence,  the  circumstance  of 
a  shock  being  communicated  by  both  agents  w^as  deemed  a  strong 
corroboration  on  the  affirmative  side  of  the  question ;  yet  there 
is  little  force  in  the  argument,  as  will  appear  from  the  following 
considerations.  The  word  shock  being  used  to  express  both  sen- 
sations, the  identity  of  the  two  agents  is  the  more  easily  accre- 
dited. Let  no  one  contumeliously  deny  the  influence  of  language 
on  his  mind,  for  it  is  all-powerful.  To  judge  by  the  sensation, 
it  appears  to  me  that  the  two  shocks  are  totally  different,  although 
words  will  scarcely  express  the  difference  :  sensations  depend 
more  on  the  nature  of  the  organ  in  which  they  are  induced  than 
on  the  inducing  cause.  A  blow  on  the  orbital  process  gives  the 
sensation  of  a  flash  of  light ;  so  does  the  electric  or  voltaic  agent 
applied  in  the  same  quarter.  A  blow  over  the  ulnar  nerve  at 
the  elbow  gives  the  same  vibratory  painful  sensation  as  continued 
and  rapid  shocks  from  a  very  weak  voltaic  battery.  Puncturing 
the  lacrymal  twig  of  the  fifth  nerve  will  produce  a  flow  of  tears, 
as  will  also  emotions  of  the  mind  or  pain.  A  voltaic  current  passed 
through  the  ear  will  affect  the  auditory  nerve  with  the  impression 
of  loud  noises.  The  semiparalytic  state  of  a  limb,  w^hen  it  is  said 
to  be  asleep,  resembles  the  vibration  caused  by  a  feeble  electro- 
magnetic apparatus  applied  to  the  part.  Volta  produced  an  acid 
taste  in  the  mouth  by  two  small  plates  of  different  metals.  A 
person  who  swallows  vinegar  affirms  that  it  is  sweet,  if  he  have 
previously  chewed  the  fruit  of  the  shrub  called  Assabau.  The 
peristaltic  motion  of  the  intestinal  canal  may  be  urged  to  dejec- 
tions of  its  contents  either  by  a  voltaic  current  or  by  cathartics. 
He  who  unwittingly  takes  hold  of  a  lump  of  frozen  mercury, 
drops  it,  and  declares  he  is  burnt,  and  a  blister  wall  shortly 
appear  on  his  fingers.  Cantharides  at  length  affect  the  skin 
like  boiling  water.  The  iris  is  dilated  by  the  pressure  of  excess- 
ive blood  in  the  head;  so  also  is  it  by  belladonna,  by  ardent 
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spirit,  or  by  the  vapour  of  aether  if  breathed ;  but  it  is  contracted 
by  light  or  by  opium  in  excess.  Finally,  in  conformity  vr\X\i  all 
these  instances  of  manifold  causes  of  the  same  effect,  painful 
shocks  may  be  produced  by  the  action  on  the  nerves  of  either 
the  electric  or  voltaic  agent,  supposing  them  different ;  for  in 
both  cases  these  pecuhar  influences  pass  absolutely  through  the 
body  ;  and  it  is  most  probable  that,  could  any  other  influence  be 
found  which  is  capable  of  passing  through  the  body  witb  equal 
rapidity,  it  would  excite  the  sensation  of  an  electric  shock. 

Whether  the  agent  which  causes  the  shock  of  an  electro-mag- 
netic coil  is  different  from  all  others,  is  a  question  which  I  shall 
not  attempt  to  discuss  :  whether  it  is  or  is  not  different,  the  ex- 
planation of  this  shock  is,  in  my  opinion,  irreconcileable  with  the 
received  doctrine  of  the  identity  of  the  electric  and  voltaic  agents, 
and  it  will  be  proper  to  state  my  reasons  for  coming  to  that  con- 
clusion. 

A  single  voltaic  combination  of  one  square  inch  in  surface, 
composed  of  zinc  and  platinum,  cannot  be  made  to  affect  the 
most  sensible  electrometer,  nor  to  give  the  slightest  sensation  of 
a  shock,  nor  the  least  appearance  of  a  spark.  But  make  a  circuit 
with  two  very  long  copper  whes  lying  closely  together,  but  pre- 
vented from  touching  by  intei-posed  silk,  and  the  apparatus  be- 
comes capable  of  communicating  shocks  that  are  absolutely  in- 
supportable :  hundi'eds  of  such  may  be  given  in  a  minute  by  the 
coil  apparatus  now  in  common  use,  and  brilliant  sparks  may  also 
be  obtained*.  Professor  Jacobi  thus  states  his  first  attempt  to 
repeat  this  experiment  : — "  Two  copper  wires  400  feet  long  and 
three-quarters  of  a  line  in  diameter,  carefully  covered  with  silk 
ribbon,  were  coiled  together  in  a  helix  round  a  hollow  cyhnder 
of  wood  one  inch  and  a  half  in  diameter ;  the  ends  of  these  two 
wires  were  united  in  a  single  one.  The  effect  of  this  combina- 
tion was  beyond  all  my  expectations ;  for  by  employing  a  voltaic 
pair  of  silver  and  zinc  plates  which  had  only  a  surface  of  half  a 
square  inch,  I  obtained  at  the  moment  of  disjunction  a  brilliant 
spark,  and  a  violent  shock  which  could  scarcely  be  borne.  The 
same  effects  took  place  when  the  pair  of  plates  was  reduced  to  a 
\vire  of  platina  and  zinc.  After  ha\'iug  placed  a  cylinder  of  soft 
iron  in  the  hollow  of  the  wooden  cylinder,  the  action  was  still 
more  considerable.  The  effects  were  not  much  increased  by  the 
enlargement  of  the  sm*face  of  the  pau'f." 

*  Some  of  the  modem  discoveries  on  this  subject  were  anticipated  nearly 
half  a  centtin'  since  in  an  observation  made  by  Vassah-Eandi,  one  of  the 
earUest  cultivators  of  galvanism  :  "  with  a  pile  of  fift)-  pairs  he  found  that  the 
fluid  passed  along  a  copper  wire  plated  v\ith  silver  ll51  feet  in  length,  in  a 
time  incommensurable ;  the  shock  iu  tliis  case  was  three  times  as  strong  as 
that  experienced  by  immediately  touching  the  two  extremities  of  the  pile." — 
Philosophical  Magazine,  vol.  xv.  1S03. 

t  Scientific  Memoirs,  July  1837,  p.  530. 
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Thus  a  wire  of  zinc  and  a  wire  of  platinum  can  be  made  to 
give  "  a  violent  shock  which  can  scarcely  be  bonie/'  although  they 
will  give  absolutely  no  signs  of  electricity  to  the  most  delicate 
electrometer.  Can  that  shock  then  depend  on  electricity  ?  It 
is  hard  to  conceive  a  more  persuasive  fact  in  suppoi't  of  the 
position  already  advanced,  that  there  are  other  kinds  of  shocks, 
or  at  least  one  other  kind,  beside  an  electric  shock.  Can  it  be 
believed  that  two  bits  of  wire  can  thus  evolve  such  a  powerful 
chai'ge  of  electricity  as  to  give  so  tremendous  a  shock ;  and  that 
this  most  feeble  of  all  intensities,  absolutely  inappreciable  by  our 
most  delicate  instruments,  could  be  capable  of  such  an  effect,  were 
the  quantity  of  electricity  ten  times  what  it  is  presumed  to  be,  or 
what  the  most  exuberant  imagination  can  conceive  ?  It  need  not 
be  reverted  to  that  it  is  not  quantity  of  electricity,  unless  it  be 
at  a  high  intensity,  that  gives  a  shock ;  and  it  is  to  be  observed 
tliat  if  the  shock  were  derived  from  quantity  alone,  the  two  wires 
employed  by  Jacobi  should  be  adequate  by  themselves  without  the 
coil ;  and  large  plates  in  a  voltaic  series  should  be  proportionately 
more  powerful  than  small  ones,  which  is  not  a  fact.  Common 
sense  would  also  point  out  that  two  wires  which  are  capable  of  no 
more  than  con\adsing  the  limbs  of  a  frog,  must  be  inadequate  to 
give  a  violent  shock  to  a  man  without  some  adscititious  agent. 

Having  procured  120  feet  of  copper  bell-wire  well  covered 
with  sewing  silk,  I  connected  it  with  the  positive  prime  con- 
ductor of  an  electrical  machine  then  giving  sparks  twelve  inches 
long.  The  wire  was  spread  out  round  the  room,  and  supported 
everywhere  on  insulators.  The  cylinder  being  put  in  action,  I 
placed  one  hand  on  the  negative  conductor,  and  repeatedly  made 
and  broke  contact  with  the  end  of  the  wire ;  but  the  electricity 
was  reduced  to  the  most  feeble  manifestations,  scarcely  affording 
a  spark ;  and  nothing  in  the  least  degree  resembling  a  shock 
could  be  obtained,  although  without  the  wire  the  twelve-inch 
spark  was  as  much  as  could  be  well  endured.  I  thought  myself 
entitled  to  a  result  as  striking  as  that  of  Professor  Henry,  who, 
with  120  feet  of  uncoated  vfive  and  a  single  pair  of  plates,  obtained 
a  spark  of  maximum  brilliancy,  although  with  fifteen  feet  of  wire 
the  spark  was  barely  visible ;  but,  on  the  contrary,  my  sparks, 
instead  of  being  increased  by  a  coated  wire,  were  reduced  from 
twelve  inches  to  almost  nothing.  Could  the  agent  be  the  same  ? 
Another  of  Professor  Heni-y's  results  is  still  more  instructive. 
With  the  same  pair  of  plates  and  a  ribbon  of  sheet-copper  96 
feet  long  and  an  inch  and  a  half  wide,  covered  with  silk  and 
coiled  into  a  spiral,  vivid  sparks  were  produced  of  such  size  and 
power  that  the  snaps  occasioned  by  them  "  could  be  distinctly 
heard  in  an  adjoining  room.^'  The  coiled  ribbon  was  also  found 
capable  of  giving  a  shock  felt  at  the  elbows*. 

*  Scientific  Memoirs,  July  1837,  p.  543. 
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All  these  facts,  and  many  otliers  which  could  be  adduced,  seem 
to  render  it  highly  probable,  if  not  to  prove,  that  the  peculiar 
sparks  and  shocks  occasioned  by  voltaic  series  are  caused  by  an 
agent  of  a  different  nature  from  that  which  produces  ordinary 
electrical  phfenomena.  And  further,  reasons  in  my  opinion  suf- 
ficient, have  been  assigned  for  doubting  the  force  of  the  evidence 
derived  from  the  so-called  immediate  charge  of  a  Ley  den  batteiy 
by  a  voltaic  series,  as  proving  the  vast  quantity  of  electricity 
which  constitutes  the  voltaic  current,  and  the  identity  of  the 
agent  in  all  electrical  and  voltaic  phsenomena. 
[To  be  continued.] 


LXIV.   On  the  possibility  of  solving  Equations  of  any  degree  how- 
ever elevated.    By  G.  B.  Jerrard,  Esq.^ 

§1. 

THERE  is  little  difficulty  in  the  theory  of  the  solution  of 
equations  beyond  those  of  the  fifth  degree.  By  following 
a  method  analogous  to  the  one  which,  in  No.  45  of  my  ''  Beflec- 
tions  on  the  Resolution  of  Algebraic  Equations  of  the  Fifth  De- 
gree t/^  brought  us  to  a  class  of  equations  solved  by  Abel,  we 
should  always  in  our  progress  find  ourselves  conducted  to  a  cor- 
responding class  of  solvable  equations  of  degrees  more  and  more 
elevated.  Various  other  methods,  all  leading  to  the  same  con- 
clusion, might  here  be  readily  pointed  out.  But  I  am  constrained, 
in  the  first  place,  to  turn  my  attention  to  the  particular  classes 
of  equations  just  alluded  to,  in  order  to  consider  an  objection 
which,  by  some  eminent  mathematicians  of  the  present  day,  ia 
supposed  to  afiect  the  validity  of  the  method  of  solution  given 
by  Abel. 

§2. 

Passing  to  the  3rd  section  of  AbePs  Memoire  $ur  une  classe 
particuliere  d' Equations  resoluhles  algehriquement%  (for  it  ia 
against  the  process  contained  in  this  part  of  his  memoir  that  the 
objection  is  mainly  directed),  we  there  find  that  illustrious  ma- 
thematician maintaining  that  every  equation  of  the  /Ltth  degree, 
^07=0,  the  roots  of  which  may  be  expressed  by 

wherein  6xi  designates  a  rational  function  of  ar„  will  admit  of 
being  solved  algebraically. 

*  Communicated  by  the  Author. 

t  See  this  Journal  for  June  1846,  vol.  xxvi.  p.  573. 

X  Crell's  Journal,  vol.  iv. 
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Supposing  a  to  be  any  root  of  the  binomial  equation  a'*  —  1  =  0, 
and  -^x  to  be  defined  by 

-^x  ={x  +  adx  +  uWx  +  . .  +  «^- ' ^Z'-  'cr)^     •     ■     ( 1 ) 

lie  states,  as  the  first  proposition  to  be  proved,  that  -^^x,  which  is 
obviously  a  rational  function  of  x,  must  further  admit  of  being 
expressed  rationally  by  the  coefficients  of  <px  and  6x.  He  then 
substitutes  O^'x  for  x  in  the  expression  for  -y^x,  and  combining 
the  equation 

e''"^''x=6''x 

with 

u.-\-v  V 

or  '    =«  , 
he  shows  very  clearly  that 

'^e"'x=^x; 
and  thence 

^^x=-{■fx+^ex+^e-x+  . .  ^fe^'^x)  ■.   .   (2) 

from  which  he  infers  that  -^x  ivill  be  a  rational  and  symmetric 
function  of  all  the  roots  of  the  equation  (f)x  =  0,  and  ivill  therefore 
be  expressible  rationally  in  knoivn  quantities.  It  is  this  inference 
the  truth  of  which  has  been  contested.  But  his  meaning  has 
here,  as  we  shall  see,  been  misapprehended.  It  may  be  briefly 
explained  thus.  The  expression  for  -^x,  which,  when  considered 
as  a  function  of  the  coefficients  of  (j>x  and  9x,  may  take  the  form 
Mq  +  M^x  +  M^x'^-\-..  f-M^_,a'/^- 1  (wherein  Mq,  Mj,  M2,..M^_, 
are  certain  rational  functions  of  the  two  sets  of  coefficients  in  ques- 
tion), will,  in  virtue  of  equation  (2),  be  subject  to  the  condition 

i{/.Mo  +  M.©(l)  +  M2@(2)+  .  .M^_.@(;.-l)} 


if 


/* 


<B{n)=x^-\-{exY-\-{6'^xY-\- ..  +{ey-'xY; 

and  will  consequently  become  Mq.  For,  since  the  proposed 
equation  <f)x=0  is  irreducible,  the  quantities  Mj,  M^, . .  Mju_, 
must  separately  vanish. 

§3. 

It  is  evident  that,  except  in  the  case  of  /u,=2,  M^,  Mg, .  .  M^_, 
will  not  vanish  of  themselves,  independently  of  the  particular 
foi'm  of  the  proposed  equation  ^.r  =  0. 

If,  for  instance,  we  take  fi  =  S,  remembering  that  the  roots  of 

thecquationa3_l  =  0arel,-2  +  2^-3,   ~2~2^"~^'  ^^ 


shall  have 


of  any  degree  however  elevated.  459 


if 


and  therefore 


1       1    , 


\-\^-^' 


^Q,  f ,,  ^2  0^  course  do  not  explicitly  involve  a.     In  effect, 
lo = 0^  +  (^af  +  {e^x)^  +  6x6x6% 
|j  =  3  {xWx  +  (^a;)2^2^  +  (^2^)2a?}, 
f 2 = 3  {  a^^^a;  +  (^a;)^^;  +  {&'x)Wx  } . 

Now  as  the  expression  just  obtained  for  yjrx  must  be  capable 
of  being  transformed  into  jMq  +  0.r  +  Oci- +  ..  +Oxf^~^,  we  may 
at  once  perceive  that  the  proposed  cubic  equation  will  necessarily 
be  such,  that  the  non-sjonmetric  function  of  its  roots,  which  is 
represented  by  f  j  —  ^^  shall  not  involve  x. 

Accordingly  we  must  have 

^^  =  ai+h^x-i-h^'^, 

^^=aci  +  h^x  +  hc2X^; 

ap  ^'2)  ^i)  ^2  heing  independent  of  x^. 

Hence  I  conclude  that  the  equation  ^<r  =  0  will,  when  /u.=3, 
be  subject  to  the  condition 

f,-f2=a,-a2 (f) 

And  a  similar  result  might  be  obtained  for  any  value  of  fi 
greater  than  3. 

§  4. 

Legendre  has  indeed  been  led,  by  some  remarkable  researches 
on  the  class  of  equations  we  have  been  considering,  to  infer  that 
the  roots  of  the  general  equation  of  the  third  degree,  x,  x\  x", 
may  be  deduced  from  the  successive  equations 

,_  a  +  bx         ,,_  a  +  hx'        iit_  a  +  bx" 

"^"1+^^      "^"1+^'     ^~TT^^ 

x'"  being  equal  to  the  primitive  root  x.  (See  his  Theorie  des 

*  It  might  be  seen  from  other  considerations  whether  bj  and  ba  will  both 
of  them  vanish.  But  for  the  purpose  in  the  text  no  question  arises  respect- 
ing their  evanescence. 
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Nombres,  3rd  edition,  vol.  ii.  p.  438.)  But  he  has  overlooked 
the  existence  of  the  equation  of  condition  (^),  without  which, 
essentially  linked  as  it  is  with  the  irreducibility  of  the  proposed 
equation,  such  a  system  of  successive  equations  could  not  exist. 
It  appears  that  Lcgendre  was  not  himself  aware  that  there  was 
any  antagonism  between  the  results  at  which  he  had  arrived  and 
those  of  Abel.  If,  however,  the  non-existence  of  the  condition 
(f )  eould  witliout  error  be  assumed,  the  objection  of  the  learned 
author  of  the  treatise  on  the  Calculus  of  Functions  in  the  Ency- 
clopedia Metropolitana  (p.  382)  would  undoubtedly  be  applicable 
to  Abel's  method. 

Long  Stratton,  Norfolk, 
April  14,  1852. 

[To  be  continued.] 

LXV.   Observations  on  a  New  Theory  of  Multiplicity. 
By  J.  J.  Sylvester,  Barrister-at-Laiv*. 

IN  the  Postscript  to  my  paper  in  the  last  Number  of  the  IVIa- 
gazine,  I  mis-stated,  or  to  speak  more  correctly,  I  under- 
stated the  law  of  Evection  applicable  to  functions  having  any 
given  amount  of  distributive  multiplicity.  The  law  may  be  stated 
more  perfectly,  and  at  the  same  time  more  concisely,  as  follows. 
Every  point  re])resented  by  the  coordinates  aj,  /Sj,  ..71,  for 
which  the  multiplicity  is  ???i,  will  give  rise  in  every  evectantj-  of 
the  discriminant  of  the  function  to  a  factor  (a  j  a-  -f  /Sj .  y  -f . .  7i^)"'i ' ", 
(n)  being  supposed  to  be  the  degree  of  the  function.  Hence  if 
there  be  r  such  points,  for  which  the  several  multiplicities  are 
wij,  wig,  .  .  nir,  every  evectant  must  contain  (??«,  -1-^2+  •  •  +»ir)  -'^ 
linear  factors;  and  as  the  tth  evectant  is  of  the  degree  t.n,  it 
follows  that  all  the  evectants  below  the  {mi  +  m^+  .  .  -|-mr)th 
evectant  must  vanish  completely,  and  this  Evectant  itself  be  con- 

*  Commimicated  by  the  Author. 

t  Frequent  use  being  made  in  what  follo^^•s  of  the  word  Evectant,  I  re- 
peat that  the  evectant  of  any  expression  connected  with  the  coetiicients  of 
a  given  function  (supposed  to  be  expressed  in  the  more  usual  manner  with 
letters  for  the  coefficients  affected  with  the  proper  binomial  or  polynomial 
numerical  multipliers)  means  the  result  of  operating  upon  such  expressions 
with  a  symbol  formed  from  the  given  function  by  suppressing  all  the  bino- 
mial or  polynomial  numerical  parts  of  the  coefficients  to  be  suppressed, 
and  writing  in  place  of  the  literal  parts  of  the  coefficients  a,  b,  c,  &c.  the 

s}Tnbols  of  differentiation  — ,  —r,  -—,  &c.;  in  all  that  follows  it  is  thesuc- 

da  do  dc 
cessive  evectants  of  the  discriminant  alone  which  come  under  consideration. 
I  need  hardly  rei)eat,  that  the  discriminant  of  a  function  is  the  result  of  the 
process  of  elimination  (clear  from  extraneous  factors)  performed  between 
the  partial  differential  quotients  of  the  function  in  respect  to  the  several 
variables  which  it  contains,  or  to  speak  raore  accurately,  is  the  characteristic 
of  their  coevanescibilitv. 
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tained  as  a  factor  in  all  above  it*.  When  a  function  of  only  two 
variables  is  in  question,  there  is  no  difficulty  in  understanding 
what  property  of  the  function  it  is  which  is  indicated  by  the 
allegation  of  the  existence  of  multiplicities  7??^  m^,  .  .  m^;  as 
already  remarked,  this  simply  means  that  there  are  r  distinct 
groups  of  equal  roots,  such  groups  containing  1  +  Wp  1  +  jUci,  .  . 
1  +  nij.  roots  respectively.  So  for  curves  and  higher  loci,  the 
total  distributive  multiplicity  is  the  sum  of  the  multiplicities  at 
the  several  multiple  points.  But  the  true  theory  of  the  higher 
degrees  of  multiplicity  separately  considered  at  any  point  remains 
yet  to  be  elaborated,  and  will  be  found  to  involve  the  considera- 
tion of  the  theory  of  elimination  from  a  point  of  view  under  which 
it  has  never  hitherto  been  contemplated. 

Confining  our  attention  for  the  present  to  curves,  we  have  a 
clear  notion  of  the  multiplicity  1 :  this  is  what  exists  at  an  ordi- 
nary double  point.  As  well  known,  its  analytical  character  may 
be  expressed  by  saying  that  the  function  of  x,  y,  z,  which  cha- 
racterizes the  cm've,  is  capable,  when  proper  linear  transforma- 
tions are  made,  of  being  expanded  under  the  form  of  a  series  de- 
scending according  to  the  powers  of  z,  such  that  the  constant  co- 
coefficient  of  the  highest  power  of  z,  and  the  linear  function  of  x,  y, 
which  is  the  coefficient  of  the  next  descending  power  of  z,  may  both 
disappear.  Again,  when  the  multiplicity  is  2,  the  3rd  coefficient, 
which  is  a  quadratic  function  of  x  and  y,  will  become  a  perfect 
square.  This  is  the  case  of  a  cusp,  which,  as  I  have  said,  is  the 
precise  analogue  to  that  of  three  equal  roots  for  a  function  of  two 
variables.  Before  proceeding  to  consider  what  it  is  which  con- 
stitutes a  multiplicity  3  for  a  curve,  it  will  be  well  to  pause  for 
a  moment  to  fix  the  geometrical  characters  of  the  ordinary  double 
point  and  the  cusp. 

If  we  agree  to  understand  by  a  first  polar  to  a  curve  the  cun'e 
of  one  degree  lower  which  passes  through  all  the  points  in  which 
the  curve  is  met  by  tangents  drawn  from  an  arbitraiy  point 
taken  anywhere  in  its  own  plane,  we  readily  perceive  that  at  an 
ordinary  double  point  all  the  infinite  number  of  first  polars 
which  can  be  drawn  to  the  curve  will  intersect  one  another  at  the 
double  point.  Again,  at  a  cusp  all  these  polars  will  not  only  all 
intersect,  they  will  moreover  all  touch  one  another  at  the  cusp. 
Now  we  may  proceed  to  inquire  as  to  the  meaning  of  a  multi- 
plicity of  the  third  degree,  which,  strange  to  say,  I  believe  has 
never  yet  been  distinctly  assigned  by  geometricians. 

This  is  not  the  case  of  a  so-called  triple  point,  i.  e.  a  point 

*  The  constitution  of  the  quotients  obtained  by  dividing  all  the  other 
e^'ectants  of  the  disci-iminant  by  the  first  non-evanescent  one,  presents 
manv  remarkable  featiu-es  which  remain  yet  to  be  fully  studied  out,  and 
promise  a  wide  extension  of  the  existing  theort-. 
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where  three  branches  of  the  curve  intersect.  Supposing  x=Q, 
y=0,  to  represent  such  a  point,  the  characteristic  of  the  cui-ve 
must  be  reducible  to  the  form  {(/x'^  +  hoj'^y  +  kxy"^  +  hj^)z'^-^  +  &c., 
which,  as  is  well  known,  involves  the  existence  of  four  conditions. 
This,  however,  would  not  in  itself  be  at  all  conclusive  against  the 
multiplicity  at  a  triple  point  being  only  of  the  third  degree ;  for 
it  can  readily  be  shown  that  there  may  exist  singular  points  of  any 
degree  of  singularity  (as  measured  by  the  number  of  conditions 
necessary  to  be  satisfied  in  order  that  such  singularity  may  come 
into  existence),  but  for  which  the  multiplicity  may  be  as  low  as 
we  please ;  as,  for  instance,  if  at  a  double  point  (which  is  not  a 
cusp)  there  be  a  point  of  inflexion  on  one  branch  or  on  both,  or 
a  point  of  undulation,  or  any  other  singularity  whatever,  still  pro- 
vided there  be  no  cusps,  the  multiplicity  will  stick  at  the  first 
degree  and  never  exceed  it ;  for  only  the  discriminant  itself  will 
vanish  on  these  suppositions,  but  no  evectant  of  the  discriminant. 
The  reason,  on  the  contrary,  why  a  so-called  triple  point  must 
be  said  to  have  a  multiplicity  of  the  degree  4,  and  not  merely  of 
the  degree  3,  springs  from  the  fact  that  the  1st,  2nd,  and  3rd 
evectants  of  the  discriminant  all  vanish  at  such  a  point. 

It  is  clear,  then,  that  there  ought  to  exist  a  species  of  multi- 
plicity for  which  the  1st  and  2nd  evectants  vanish,  but  not  the 
3rd.  In  fact,  as  at  a  double  point  the  first  polars  all  merely  in- 
tersect, but  at  a  cusp  have  all  a  contact  with  one  another  of  the 
first  degree,  so  we  ought  to  expect  that  there  should  exist  a 
species  of  multiple  point  such  that  all  the  first  polars  should  have 
with  each  other  a  contact  of  the  second  degree  (or  if  we  like  so 
to  say,  the  same  curvature)  at  that  point.  When  the  curve  has 
a  triple  point,  all  its  first  polars  will  have  that  point  upon  them 
as  a  double  point ;  and  it  is  not  at  the  first  glance,  easy  a  2^riori 
to  say  what  is  the  nature  of  the  contact  between  two  curves  which 
intersect  at  a  point  which  is  a  double  point  to  each  of  them  :  we 
know  upon  settled  analytical  principles,  that  when  one  curve 
having  a  double  point  is  crossed  there  by  another  curve  not  having 
a  double  point,  that  the  two  must  be  said  to  have  with  one  another, 
a  contact  of  the  1st  degree;  and  we  now  learn  from  our  theory  of 
evection,  that  if  each  have  a  double  point  at  the  meeting-point,  the 
degree  of  the  contact  must  from  principles  of  analogy  be  con- 
sidered to  be  of  the  3rd  degree*.  Now,  then,  we  come  to  the 
question  of  deciding  definitely  what  is  a  multiple  point  for  which 
the  degree  of  nmltiplicity  is  3.  It  is,  adopting  either  test,  whether 

*  This  may  easily  be  verified  by  direct  anah-tical  means ;  as  also  the  more 
general  proposition,  that  t^vo  curves  meeting  at  a  point  where  there  are  (m) 
branches  of  the  one  and  (?i)  branches  of  the  other,  must  be  considei'ed  to 
have  vin  coincident  points  in  common,  i.  e.  if  we  like  so  to  express  it,  to 
have  a  contact  of  the  degree  m«  — 1. 
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of  first  polar  contact  or  of  evection,  a  cusp  situated  or  having  its 
nidus,  so  to  say,  at  a  point  of  inflexion.  In  other  words,  ^=0, 
y  =  0  vdW  be  a  point  whose  multiplicity  is  intermediate  between 
that  of  the  cusp  and  that  of  a  so-called  triple  point,  when  the  cha- 
racteristic of  the  curve  admits  of  being  wTitten  under  the  form 

r"--V  +  z""-^ {gx^  +  hx'^y  +  ixy"^)  +  z""'^  &c. ; 
or  in  other  words,  when  over  and  above  the  vanishing  of  the  con- 
stant and  linear  coefficients,  and  the  quadratic  coefficient  being 
a  perfect  square,  as  in  the  case  of  an  ordinary  cusp,  this  square 
has  a  factor  in  common  with  the  next  (the  cubic)  coefficient ;  or 
again,  in  other  words,  a  curve  has  a  point  for  which  the  mul- 
tiplicity is  3  when  its  characteristic  function  admits  of  being 
expanded  according  to  the  powers  of  one  of  the  variables,  in 
such  a  manner  that  the  fij'st  coefficient  and  the  second  (the 
linear)  coefficient  A'anish,  and  that  the  disciiminant  of  the  third 
and  the  resultant  of  the  third  and  fourth  are  both  at  the  same 
time  zero.  This  being  the  case,  it  may  be  shown  that  the  first 
polars  will  all  have  with  each  other  a  contact  of  the  second 
degree ;  and  moreover,  that  all  the  evectants  of  the  discrimi- 
nant will  have  as  a  common  factor  a  linear  function  of  the 
variables,  raised  to  a  power  whose  index  is  3  times  that  of 
the  characteristic  function.  As,  then,  there  is  but  one  kind  of 
ordinary  double  point,  and  but  one  kind  of  point  with  multi- 
plicity 2,  so  there  is  one,  and  only  one,  kind  of  point  with  a 
multiplicity  3.  A  cusp  is  a  peculiar  double  point ;  a  flex-cusp 
(as  for  the  moment  I  call  the  point  last  above  discussed)  is  a 
peculiar  cusp.  This  law  of  unambiguity,  however,  appears  to 
stop  at  the  thii'd  degi'ce.  A  so-called  triple  point  (which  ought 
in  fact  to  be  called  a  quintuple  point)  is  a  point  for  which  the 
multiplicity,  as  shown  above,  is  of  the  fourth  degree ;  but  it  is 
not  the  only  point  of  that  degree  of  miiltiplicity.  Without 
assuming  to  have  exhausted  every  possible  supposition  upon  which 
such  a  degree  of  midtiplicity  may  be  brought  into  existence,  it 
will  be  sufficient  to  take  as  an  example  a  curve  whose  character- 
istic is  capable  of  assuming  the  form 

z'^-^.z'^+zn--i{gx^+hx'^y)-\-z''-'^.{kx'^-\-lx^y-]-mx'^y'^-\-nxf)+z''-^%cc. 

It  may  readily  be  demonstrated  that  the  first  polars  of  this 
curve  have  all  with  one  another  at  the  point  x,  y  a.  contact  of  a 
degree  exceeding  the  2nd,  i.  e.  of  at  least  the  3rd  degree  (and,  I 
believe,  in  general  not  higher) .  Now  the  point  x,  y  is  evidently 
not  a  triple-branched  point,  but  a  cusp  with  three  additional 
degrees  of  singularity ;  so  that  we  have  endence  of  the  existence 
of  a  point  whose  degree  of  singularity  is  5,  and  whose  multipli- 
city is  at  least  4,  but  which  is  in  no  sense  a  modified  triple  point. 
It  is  probably  true  (but  to  demonstrate  this  requires  a  further 


464     Mr.  J.  J.  Sylvester  on  a  new  Theory  of  MultijAicity. 

advance  to  be  made  than  has  yet  been  realized  in  the  theory  of 
the  constitution  of  discriminants)  that  a  cusp  may  be  so  modified 
by  the  nidus  at  which  it  is  posited,  as,  without  ever  passing  into 
a  triple  point,  to  be  capable  of  furnishing  any  amount  of  mul- 
tiplicity whatever,  curiously  in  this  contrasting  with  an  ordinary 
double  point,  no  amount  whatever  of  extraordinary  singularity 
imparted  to  which,  or  so  to  speak,  to  its  nidus,  can  ever  heighten 
its  multiplicity  so  as  to  make  it  surpass  the  first  degree  without 
first  converting  it  into  a  cusp.  I  may  illustrate  the  nature  of  a 
flex-cusp  by  what  happens  to  a  curve  of  the  third  degree.  Wlieu 
it  breaks  up  into  a  line  and  a  right  line,  there  are  two  ordinary 
double  points ;  for  the  existence  of  these  double  points,  as  for 
the  existence  of  a  cusp,  two  conditions  are  required.  When, 
however,  the  right  line  and  conic  touch  one  another  (a  casm 
omissus  this  in  the  works  of  the  special  geometers),  the  characters 
of  the  cusp  and  the  point  of  inflexion  are  combined  at  the  point 
of  contact ;  the  multipHcity  is  of  the  third  degree,  and  the  sin- 
gularity also  of  a  degree  not  exceeding  this ;  three  conditions 
only  being  necessary  to  be  satisfied  in  order  that  a  given  cubic 
may  degenerate  into  such  a  form ;  and  it  will  be  found  that  the 
discriminant  and  the  first  and  second  evectants  thereof  vanish  for 
this  case,  and  that  the  3rd  evectant  of  the  discriminant  will  be 
a  perfect  9th  power ;  whereas  in  order  that  the  cubic  may  have 
a  so-called  triple  point,  i.  e.  may  degenerate  into  a  trident  of 
diverging  rays,  four  conditions  must  be  satisfied,  and  it  will  be 
found  that  when  this  is  the  case,  the  first,  second,  and  third 
evectants  of  the  discriminant  will  all  vanish,  and  the  fourth  will 
be  a  perfect  12th  power  of  a  linear  function  of  the  variables.  I 
may  mention,  by  the  way,  at  this  place,  that  the  law  of  a  discri- 
minant and  the  successive  evectants  up  to  the  mih  inclusive,  all 
vanishing,  may  be  expressed  otherwise  (not  in  identical,  but  in 
equivalent  or  equipollent  terms),  by  saying  that  the  discriminant 
and  all  its  derivatives  of  a  degree  not  exceeding  the  mi\\  will  all 
vanish — understanding  by  a  derivative  of  the  discriminant  any 
function  obtained  from  the  discriminant  by  diff'erentiating  it  any 
specified  number  of  times  with  respect  to  the  constants  of  the 
function  to  which  it  belongs,  the  same  constants  being  repeated 
or  not  indifferently*.  And  very  surprising  it  must  be  allowed 
to  be,  stated  as  a  bare  analytical  fact,  that  (m  +  1)  conditions 
imposed  upon  the  coefiicients  of  a  function  of  any  number  of  va- 
riables and  of  any  degree  should  suffice  to  make  the  inordinately 
greater  number  of  functions  which  swarm  among  the  derivatives 
of  the  /nth  and  inferior  degrees  of  the  discriminant  each  and  all 
simultaneously  vanish. 

*  Or,  to  speak  more  simply,  the  discriminant  and  its  successive  differeii' 
tials  up  to  the  mih  exclusive  must  all  vanish  simultaneously. 
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Without  pushing  these  observations  too  far  for  the  patience  of 
the  general  reader,  it  may  be  remarked  by  -way  of  setting  foot 
with  our  new  theory  upon  the  almost  uuvisited  region  of  the 
singularities  of  surfaces,  that  by  the  light  of  analogy  we  may 
proceed  with,  a  safe  and  firm  step  as  far  as  multiplicity  of  the 
third  degree  inclusive. 

The  function  characteristic  of  the  surface  being  supposed  to  be 
expressed  in  terms  of  the  four  vai-iables  x,  y,  z,  t,  and  expanded 
according  to  descending  powers  of  t,  then  when  x,  y,  z  is  an  ordi- 
nary double  point  of  the  first  degree  of  multiplicity,  the  constant 
and  the  linear  coefficient  disappear;  when  the  point  has  a  mul- 
tiplicity 2,  the  discriminant  of  the  quadratic  coefiicient  will  be 
zero,  i.  e.  this  coefficient  will  be  expressible  by  means  of  due 
linear  transformations  under  the  form  of  a"^ +  ?/'-;  and  when  the 
multiplicity  is  to  be  of  the  degree  3,  the  cubic  coefficient  will, 
at  the  same  time  that  the  quadratic  coefficient  is  put  under  the 
form  x^-\-y'^  itself  (for  the  same  system  of  x  and  y  assume  the 
form  of  a  cubic  function  of  x,  y,  z,  in  which  the  highest  power  of 
z,  i.  e.  ^,  v,-\\\  not  appear) ;  or  in  other  words  (restoring  to  x,  y,  z 
their  generality),  not  only  will  the  first  derivatives  of  the  qua- 
di'atic  function  be  nullifiable  simultaneously  with  each  other,  but 
likewise  at  the  same  time  with  the  cubic  function  itself.  These 
three  cases  will  be  for  surfaces,  the  analogues  so  far,  but  only  so 
far  as  regards  the  degree  of  the  multiplicity,  to  the  double  point, 
cusp,  and  flex-cusp  of  curves*.  The  analogue  to  the  so-called 
triple  point  of  the  curves  will  be  a  point  whose  degTce  of  singu- 
larity (depending  upon  the  vanishing  of  the  six  constants  in  the 
3rd  coefficient  (which  is  a  quadratic  function  of  x,  y,  z)  at  the 
same  time  as  the  three  constants  m  the  linear  factor)  would  seem 
to  be  but  6  more  than  for  a  double  point,  i.  e.  in  all  1  -f-  6  or  7, 
but  whose  multiplicity,  as  inferred  from  the  natui'e  of  the  con- 
tact of  its  first  polars,  which  will  be  of  the  7th  order,  would 
appear  to  be  8  (a  seeming  incongTuity  which  I  am  not  at  present 
in  a  condition  to  explain)  t ;  so  that  there  will  apparentlv  be  4 

*  At  an  ordinan'  conical  point  of  a  sm-face  for  which  the  multiphcitv  is 
1,  even-  section  of  the  surface  is  a  cime  with  a  double  point.  "When  the 
multiplicity  is  2,  the  cone  of  contact  becomes  a  pair  of  planes,  through  the 
intersection  of  which  any  other  plane  that  can  be  drawn  cuts  the  sm-face  in 
a  section  having  an  ordinary  cusp  of  multiplicity  2,  but  which  themselves 
cut  the  siu-face  in  sections,  having  so-called  triple  points,  so  that  for  these 
two  principal  sections  (which  is  rather  siu-prising)  the  multiplicit\"  suddenly 
jumps  up  from  2  to  4.  All  other  things  remaining  imaltered  when  the 
multiplicity'  of  the  conical  point  is  3,  the  cusp  belonging  to  any  section 
of  the  sm-face  di-awTi  through  any  intersection  of  the  two  tangent  planes 
passes  from  an  ordinarA-  cusp  to  a  flex-cus]i. 

t  So,  too,  at  a  so-called  quadi-uple  point  in  a  curve,  the  degree  of  the 
contact  of  the  1  st  polars  is  8,  and  therefore  the  multiplicity  of  the  curve  at 
such  point  is  9;  but  the  number  of  constants  which  vanish  for  this  case 
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steps  of  multiplicity  to  interpolate  between  this  case  and  the  case 
analogous  [sub  modo)  to  the  Hex-cusp,  last  considered.  Whether 
these  intervening  degrees  correspond  to  singularities  of  an  un- 
ambiguous kiud^  no  one  is  at  present  in  a  condition  to  offer  an 
opinion.  I  will  conclude  with  a  remark,  the  result  of  my  expe- 
rience in  this  kind  of  inquiry  as  far  as  I  have  yet  gone  in  it,  viz. 
that  it  would  be  most  erroneous  to  regard  it  as  a  branch  of  iso- 
lated and  merely  curious  or  fantastic  speculation.  Every  singu- 
larity in  a  locus  corresponds  to  the  imposition  of  certain  con- 
ditions upon  the  form  of  its  characteristic ;  by  aid  of  the  theory 
of  evection  we  are  able  to  connect  the  existence  of  these  conditions 
with  certain  consequences  happening  to  the  form  of  the  discrimi- 
nant, and  thereby  it  becomes  possible,  upon  known  principles  of 
analysis,  to  infer  particulars  relating  to  the  constitution  of  the 
discriminant  itself  in  its  absolutely  general  form,  very  much  upon 
the  same  principle  as  when  the  values  of  a  function  for  particular 
values  of  its  variable  or  variables  are  known,  the  general  form  of 
the  function  thereby  itself,  to  some  corresponding  extent,  becomes 
known.  Thus,  for  instance,  I  have  by  the  theory  of  evection  in 
its  most  simple  application,  been  led  to  a  representation  of  the 
discriminant  of  a  function  of  two  variables  under  a  form  very 
different  and  very  much  more  complete  and  fecund  in  conse- 
quences than  has  ever  been  supposed,  or  than  I  had  myself  pre- 
viously imagined  to  be  possible. 

According  to  the  opinion  expressed  by  an  analyst  of  the 
French  school,  of  pre-eminent  force  and  sagacity,  it  is  through 
this  theory  of  multiplicity,  here  for  the  first  time  indicated,  that 
we  may  hope  to  be  able  to  bridge  over  for  the  purposes  of  the 
highest  transcendental  analysis,  the  immense  chasm  which  at  pre- 
sent separates  our  knowledge  of  the  intimate  constitution  of 
functions  of  two  from  that  of  three,  or  any  greater  number  of 
variables. 

It  is,  as  I  take  ])leasure  in  repeating,  to  a  hint  from  INIr.  Cay  ley*, 
who  habitually  discourses  pearls  and  rubies,  that  I  am  indebted 

(viz.  all  those  of  the  cubic  coefficient  in  x,  y)  over  and  above  what  vanish 
for  the  case  of  a  so-called  triple  point  is  only  4,  which  is  a  unit  less  than 
the  difference  between  the  measuies  of  the  multiplicities  at  the  respective 
points ;  and  this  difference  continues  to  increase  as  we  pass  on  to  so-called 
quintuple  and  higher  multiple  points  in  the  curves. 
*  Mr.  Cayley's  theorem  stood  thus : — If 

aa^+n6a;'*-'.?/4-&c.  -\-nb  .xyn~^-\-a'y^ 
have  two  equal  roots,  and  tv  be  its  discriminant,  then  will 


\yn.£  -x'^-\y  4  &c.  +a;».4-  \'' 
X''    da  ^  db        —       daJ 


be  a  perfect  nth  power.  It  will  easily  be  seen  that  this  theorem  is  con- 
vertible into  a  theorem  of  evection  by  interchanging  in  the  result  x  and  y 
with  y  and  — x. 
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for  the  precious  and  pregnant  observation  on  the  form  assumed 
by  the  first  discriminantal  evectant  of  a  binaiy  function  with 
a  pair  of  equal  roots,  out  of  which,  combined  with  some  an- 
tecedent reflections  of  my  own,  this  new  theory  of  multiplicity 
has  taken  its  rise.  The  idea  of  the  process  of  evectiou,  and  the 
discovery  of  its  fundamental  property  of  generating  what,  in  my 
calculus  of  forms  (Camb.  and  Dub.  Math.  Journ.),  I  have  called 
contravariants,  is  due  to  my  friend  M.  Hermite.  The  polar 
reciprocals  of  cm'ves  and  other  loci  are  contravariants  and,  as  I 
have  recently  succeeded  in  sho^-ing,  for  curves  at  least,  evectants 
but  of  course  not  discriminantal  evectants ;  and  I  am  already 
able  to  give  the  actual  explicit  rule  for  the  formation  of  the  polar 
reciprocal  of  curves  as  high  as  the  5th  degree,  which  with  a  little 
labom"  and  consideration  can  be  carried  on  to  the  6th,  and  in 
fact  to  curves  of  any  degree  («)  when  once  we  are  acquainted 
with  any  mode  of  deteiTaining  all  such  independent  invariants 
of  a  function  of  two  variables  as  are  of  dimensions  not  exceeding 
2(/i  — 1)  in  respect  of  the  coefficients. 

By  the  special  geometers  (by  whom  I  mean  those  who,  um-i- 
sited  by  a  higher  inspiration,  continue  to  regard  and  to  cultivate 
geometry  as  the  science  of  mere  sensible  space)  this  problem  has 
only  been  accomplished,  and  that  but  recently,  for  curves  whose 
degrees  do  not  exceed  the  4th.  ]\Ir.  Salmon  has  made  the  happy 
and  brilliant  (and  by  the  calculus  of  forms  instantaneously 
demonstrable)  discovery,  communicated  to  me  in  the  course  of  a 
most  instructive  and  suggestive  correspondence,  that  a  certain 
readily  ascertainable  evectant  of  every  discriminant  of  any  func- 
tion u-liatever  is  an  exact  poiver  of  its  polar  reciprocal^. 

I  bcHeve  that  it  may  be  shown,  that,  with  the  sole  exception  of 
odd-degreed  functions  of  two  variables,  the  polar  reciprocal  itself 
(as  distinguished  fi-om  a  power  thereof)  of  eveiy  function  is  an 
evectant,  not  (of  course)  of  the  discriminant,  but  of  some  deter- 
minable inferior  invariant. 

26  Lincoln's- Inn-Fields, 
May  14,  1852. 

P.S.  The  terms  pluri-simultaneous  and  pluri-simultaneity, 
used  or  suggested  by  me  in  my  last  paper  in  the  JMagazine,  may 
be  advantageously  replaced  by  the  more  euphonious  and  regu- 
larly formed  words  consimultaneous,  consimultaneity.  Multi- 
plicity and  all  its  attributes  and  consequences  are  included  as 
particular  cases  in  the  general  conception  and  theory  of  consi- 
midtaneity,  i.  e.  of  consimultaneous  equations,  or,  which  is  the 
same  thing,  of  consimulevanescent  functions. 

*  Viz.  for  a  function  of  degree  n,  and  variability  {i.  e,  having  a  number 
of  variables)  j9,  the  {n—\)P~hh  evect  of  the  discriminant  is  the  («— l)th 
power  of  the  polar  reciprocal. 

2  H2 
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LXVI.  Notices  respecting  New  Books. 

History  of  Physical  Astronomy ,  from  the  earliest  Ages  to  the  middle 
of  the  Nineteenth  Century.  By  Robert  Grant,  F.R. A. S.  Lon- 
don: Baldwin.  8vo.  (pp.  635.) 
ABOUT  eighteen  months  ago,  in  the  continuation  of  the  Library 
of  Useful  Knowledge  undertaken  by  Mr.  Baldwin,  appeared 
the  first  number  of  a  History  of  Physical  Astronomy,  by  one  Robert 
Grant,  who  was  then  wholly  unknown.  To  write  history  on  this 
subject  was  an  attempt  of  the  most  ambitious  kind  ;  first,  because  no 
connected  and  consecutive  history  had  ever  been  written  ;  secondly, 
because  such  a  thing  would  require  a  large  amount  of  mathematical 
reading  of  the  highest  order  ;  and  thirdly,  because  the  historical 
materials  exist  in  great  part  among  the  long  series  of  memoirs  of  aca- 
demies, which  are  not  very  easy  to  get  at,  and  are  veiy  troublesome  to 
master.  We  say  nothing  of  the  many  questions  which  demand  the 
highest  judgement ;  because  we  are  speaking  only  of  the  difficulties 
which  no  amount  of  self-confidence  could  ignore  or  even  materially 
underrate.  It  was,  we  have  no  doubt,  to  these  difficulties  that  the  want 
of  such  a  history  was  due  :  and  we  think  it  probable  that  many  took 
up  the  first  number  of  the  work  before  us  w-ith  the  impression  that 
the  genius  of  book-making  must  have  been  very  hard  put  to  it  for 
materials,  before  he  could  have  suggested  the  theory  of  gravitation, 
its  mathematical  aspect  inclusive,  as  a  subject  of  history  for  a  popu- 
lar series.  But  it  was  found,  on  examination,  that  the  W'ork  bore 
evident  marks  of  original  reading,  high  mathematical  knowledge, 
sound  judgement,  and  careful  writing:  and  it  made  some  sensation 
in  the  astronomical  world,  that  there  should  be  any  person  in  the 
country  who  had  so  mastered  the  subject,  without  first  becoming 
known  by  some  minor  efi'ort,  in  the  usual  way.  During  the  publi- 
cation of  the  numbers,  Mr.  Grant's  name,  which  had  at  first  been 
"  spelt  by  th'unletter'd  muse,"  acquired  the  four  suffixes  which  stand 
at  the  head  of  our  article.  And  the  work  is  now  as  well  established 
among  the  greater  efl:orts  of  scientific  history,  as  it  could  have  been 
if  the  author  had  been  previously  known,  and  it  had  been  waited  for 
with  the  usual  amount  of  announcement  and  pre^^ous  discussion  of 
its  probable  character.  And,  though  it  includes  some  subjects  which 
proceed  by  the  highest  mathematics,  it  is  nevertheless  very  popular 
in  its  requirements  from  the  reader.  On  this  point  Mr.  Grant  would 
have  deserved  high  commendation,  though  he  had  been  only  a  com- 
piler. It  seems  that  the  plan  was  at  first  of  a  limited  character,  but 
that  it  expanded  during  the  execution.  To  this  it  is  due  that  the 
words  of  the  title-page,  '  from  the  earliest  ages,'  are  supported  only 
by  an  introductory  chapter,  which  is  faultless  as  an  introduction,  but 
insufficient  as  a  component  part. 

It  does  not  lower  ^Ir.  Grant's  credit,  but  very  much  raises  it,  that 
such  an  achievement  as  his  proves  the  history  of  science  to  be  in  no 
forward  state  ;  for  those  things  which  are  left  open  for  any  one  to  do 
who  will,  are  generally  those  which  there  are  few  who  can  do.  There 
did  not  exist  any  connected  history  of  the  whole  theory  of  gravita- 
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tion.  The  extent  to  which  the-*ubject  is  treated  by  Montucla  is 
rather  what  might  have  been  expected  in  a  general  history  of  mathe- 
matics than  what  is  due  to  the  subject.  Still  less  can  we  find  any- 
thing consecutively  historical,  and  reaching  to  our  own  time,  on  the 
matters  which  constitute  what  is  properly  called  physical  astronomy. 

Astronomy  ought  to  be  divided  into  geometrical,  mechanical,  and 
physical.  To  the  first  belongs  all  that  concerns  the  determination 
of  the  actual  places  and  motions  of  the  heavenly  bodies,  without 
reference  to  their  action  on  each  other  ;  together  with  all  that  relates 
to  the  use  of  such  knowledge  in  the  determination  of  latitude,  lon- 
gitude, and  time.  To  mechanical  astronomy  {Mecanique  Celeste)  be- 
longs the  consideration  of  force  or  attraction,  as  an  immediate  main- 
taining cause  of  the  order  observed ;  being,  in  the  widest  sense,  the 
theory  of  gravitation.  To  physical  astronomy  belongs  all  that  is  not 
geometrical  nor  mechanical ;  including  the  consideration  of  all  optical 
phsenomena  except  change  of  place,  &c.  By  a  curious  misnomer, 
which  we  believe  is  due  to  Woodhouse,  the  term  physical  astronomy 
has  been  exclusively  applied,  in  this  country,  to  the  theory  of  gravi- 
tation and  its  consequences.  Mr.  Grant  has  included  this  theory, 
together  with  a  great  deal  of  what  is  more  properly  called  physical, 
in  his  valuable  work. 

Delambre,  as  is  well  known,  did  not  treat  the  question  of  the  pro- 
gress of  Newton's  system.  His  article  on  Newton,  in  the  Astr.  au 
ISieme  Siecle,  shows  plainly  that  he  did  not  feel  himself  at  home. 
He,  usually  the  independent,  stern,  and  sententious  judge,  there  rests 
on  Clairaut  as  on  a  staff;  and  seems  happy  when  he  can  escape 
among  the  spherical  triangles.  We  do  not  suppose  that  Delambre 
had  ever  paid  much  attention  to  mechanical  astronomy,  except  to 
receive  its  results  for  use.  He  was  above  all  men  who  ever  wrote 
in  his  knowledge  of  the  history  of  geometrical  astronomy,  and  in 
his  familiarity  with  the  processes  of  all  time.  But  he  left  the  mecha- 
nical field  quite  open.  Bailli,  who  is  to  a  greater  extent  the  histo- 
rian of  this  last  subject,  has  not  been  so  much  read  as  he  deserv'ed, 
which  arises  from  the  disadvantageous  impression  created  by  his 
ancient  fictions  and  his  Indian  exaggerations.  The  third  volume  of 
his  modern  histor}',  and  the  continuation  by  Voiron,  formed, previously 
to  Mr.  Grant's  publication,  the  most  extensive  separate  history  of 
the  theory  of  gravitation.  The  precis  of  Laplace,  and  the  historical 
summaries  in  the  fifth  volume  of  the  Mecanique  Celeste,  are  not  for 
the  general  reader,  even  if  a  mathematician.  M.  Narrien's  histo- 
rical account  of  the  origin  and  progress  of  astronomy,  an  excellent 
work,  hardly  goes  bej'ond  the  time  of  Newton,  except  in  a  very  sum- 
mary manner.  The  history  of  astronomy  already  in  the  Library  of 
Useful  Knowledge,  written  by  Dr.  Rothman,  was  a  valuable  acces- 
sion to  the  means  of  the  English  reader ;  but  it  does  not  touch  the 
main  subjects  of  the  present  work  in  any  detail.  Thus  it  will  appear 
that  Mr.  Grant  has  chosen  a  field  in  which  he  has  had  no  imme- 
diate predecessor. 

There  are  many  works  as  to  which  it  is  the  object  of  our  notices 
to  put  before  the  reader  such  an  account  as  will  enable  each  one  to 
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decide  for  himself  on  the  expediency  of  consulting  them.  But  in 
the  present  case,  no  such  object  is  in  view,  Mr.  Grant's  book  takes 
its  place  among  standard  works  from  its  first  appearance,  by  com- 
mon consent;  partly  on  account  of  the  vacancy  of  the  field,  but 
more  because  the  author  is  an  historian  from  original  materials,  of 
good  knowledge,  good  judgement,  and  good  style.  He  is  no  strong 
partisan  of  anything  or  anybody;  and  he  gives  such  accounts  as 
those  of  the  dispute  between  Flamsteed  and  Newton,  or  the  discus- 
sion upon  the  discovery  of  Neptune,  in  a  manner  which  inclines  us 
to  feel  safe  in  his  hands  upon  matters  in  which  we  have  not  con- 
sulted his  originals.  The  work  is  brought  up  to  the  present  time 
throughout ;  and  we  should  have  given  a  more  detailed  account  of 
it,  if  we  had  not  felt  quite  confident  that  it  must,  and  speedily,  not 
only  be  in  the  hands  of  all  who  are  already  interested  in  the  history 
of  astronomy,  but  awake  much  attention  to  that  subject  in  others. 


LXVII.  Proceedings  of  Learned  Societies. 

ROYAL  SOCIETY. 
[Continued  from  p.  392.] 
March  4,  \  PAPER  was  read,  entitled,  "  On  the  Anatomy  of 
1852.  -^*-  Doris."  By  Albany  Hancock,  Esq.,  and  Dennis 
Embleton,  M.D.,  Lecturer  on  Anatomy  and  Physiology  in  the  New- 
castle-on-Tyne  College  of  Medicine,  in  connection  with  the  Univer- 
sity of  Durham.    Communicated  by  Professor  E.  Forbes,  F.R.S. 

The  authors  have  proposed  to  themselves  to  describe  the  anatomy 
of  the  three  genera  typical  of  tlie  three  groups  of  the  Nudibranchiate 
Mollusca.  An  account  of  the  structure  of  J^olis  has  already  appeared 
in  the  '  Annals  of  Natural  History.' 

A  detailed  description  is  given  of  the  anatomy  of  Doris,  the  fol- 
lowing species  of  which  have  been  examined,  and  are  referred  to  in 
the  paper:  D.  tuberciilata,  Auct.,  D.  t  u  be  rcul  at  a, Yerauy,  D.Johnston?, 
D.  tomentosa,  D.  repanda,  D.  coccinea,  D,  verrucosa,  D.  pilosa, 
D.  bilamellata,  D.  aspera,  and  D.  depressa ;  but  D.  tuberculuta  of 
English  authors  has  been  taken  as  the  type  of  the  genus,  and  the 
standard  of  comparison  for  the  rest. 

Digestive  System. — The  mouth  in  all  the  species  is  a  powerful 
muscular  organ,  provided  with  a  prehensile  tongue  beset  with  siliceous 
spines,  which  when  the  tongue  is  fully  developed,  are  arranged  in  a 
median  and  two  lateral  series.  Certain  species  possess,  besides,  a 
prehensile  spinous  collar  on  the  buccal  lip,  occasionally  associated 
with  a  rudimentary  horny  jaw.  The  mode  of  development  of  the 
lingual  spines  is  shown  to  be  the  same  as  that  of  the  teeth  of  the 
Vertebrata. 

The  ccsophagtis  varies  in  length  ;  in  some  it  is  dilated  at  the  top, 
forming  a  crop ;  in  others  it  is  simply  enlarged  previously  to  enter- 
ing the  liver  mass.  The  stomach  is  of  two  forms  ;  one,  as  in  D.  tuber- 
culuta, is  very  large,  receiving  the  oesophagus  behind,  and  giving  off 
the  intestine  in  front,  and  Iving  in  advance  of  the  liver ;  the  other  is 
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received  within  the  mass  of  the  liver,  and  is  very  smaD.  The  liver 
in  all  is  bulky,  mostly  bilobed,  and  variously  coloured,  and  pours  its 
secretion  by  one  or  more  very  wide  ducts  into  the  cardiac  end  of 
the  stomach.  A  small  laminated  pouch — a  mdimentSiTy  pancreas, 
is  attached  in  some  species  to  the  cardiac,  in  others  to  the  pyloric 
end  of  the  stomach.  The  intestine  is  short,  of  nearly  the  same 
calibre  throughout,  rather  sinuous  in  its  course,  and  terminates  in  a 
nipple-formed  anus  in  the  centre  of  the  branchial  circle. 

The  Reproductive  Organs  are  male,  female  and  hermaphrodite. 
The  7nale  organs  consist  of  penis  and  testis ;  the  latter  is  connected 
with  the  former  and  with  the  oviduct.  The  female  organs  are,  ova- 
rium, oviduct,  and  mucus-gland.  The  ovarium  is  spread  over  the 
surface  of  the  liver  in  the  form  of  a  branched  duct  with  terminal 
ampuUce.  The  oviduct  terminates  in  the  mucus-gland.  The  an- 
drogynous apparatus  is  a  tube  or  vagina  opening  from  the  exterior 
into  the  oviduct,  having  one  or  two  diverticular  spermathecae  com- 
municating with  it  in  its  course.  On  the  right  margin  of  the  body 
near  the  front  is  a  common  opening,  to  which  converge  the  three 
parts  of  the  reproductive  organs.  The  spermatozoa  are  developed 
within  large  and  fusiform  spermatophora,  and  are  observed  in  the 
spermathecae,  0%-iduct  and  ovary. 

Organs  of  Circulation  and  Respiration. — The  circulatory  organs 
are,  a  systemic  heart,  arteries,  lacunae  and  veins.  The  existence  of 
true  capillaries  in  the  liver-mass  seems  probable.  A  second  heart — 
a  ventricle,  having  a  portal  character,  is  also  described.  The  systemic 
heart  lies  immediately  beneath  the  dorsal  skin,  in  front  of  the  respi- 
ratory crown,  and  comprises  an  auricle  and  ventricle  enclosed  within 
a  pericardium.  In  the  systemic  circle  the  blood  is  returned  to  the 
heart  without  having  passed  through  the  special  respiratory  organ. 
It  is  that  blood  only  which  is  returned  from  the  liver-mass  that 
circulates  through  the  branchiae. 

The  authors  conclude  from  their  observations,  that  in  the  Mol- 
lusks  there  is  a  triple  circulation :  first,  the  systemic,  in  which  the 
blood  propelled  along  the  arteries  to  the  viscera  and  foot  is  returned, 
with  the  exception  of  that  from  the  liver-mass,  to  the  heart  through 
the  skin  ;  there  it  becomes  partially  aerated,  the  skin  being  provided 
with  vibratile  cilia,  and  otherwise  adapted  as  an  instrument  of  re- 
spiration ;  second,  the  portal,  in  which  venous  blood  from  the  system 
is  driven  by  a  special  heart  to  the  renal  and  hepatic  organs,  and 
probably  to  the  ovarium,  where  it  escapes,  doubly  venous,  with  the 
rest  of  the  blood  which  has  been  supplied  to  these  organs  from  the 
aorta,  and  which  is  therefore  only  singly  venous,  to  the  branchias ; 
third,  the  branchial  circulation,  in  which  flows  only  the  more  dete- 
riorated blood  brought  by  the  hepatic  vein,  but  in  which  also  that 
blood  undergoes  tlie  highest  degree  of  purification  capable  of  being 
eflfected  in  the  economy,  namely  in  the  special  organ  of  respiration. 
This  triple  circulation  has  not  yet,  as  far  as  the  authors  are  aware, 
been  described  as  existing  in  the  MoUuscan  Subkingdom.  From 
the  fact  of  the  blood  in  Doris  being  returned  to  the  heart  in  a  state 
of  partial  aeration,  it  is  clear,  they  say,  that  this  animal  is,  in  this 


472  Royal  Society. 

respect,  on  a  par  with  the  higher  crustaceans ;  and  from  the  blood 
arriving  at  tlie  heart  in  the  same  condition,  according  to  the  re- 
searches of  (Earner  and  Milne-Edwards,  in  Ostrea  and  Pinna,  the 
great  Triton  of  the  Mediterranean,  HuHotis,  Patella  and  Helix,  it  can 
scarcely  be  doubted  that  this  arrangement  will  be  found  throughout 
the  Mollusca. 

From  a  consideration  of  the  facts  cited  in  the  paper,  it  may  be 
deduced  that  the  skin  or  mantle  is  in  the  Mollusca  the  fundamental 
organ  of  respiration,  and  that  a  portion  of  that  envelope  becomes 
evolved  into  a  speciality  as  we  trace  upwards  the  development  of 
the  respiratory  powers. 

Upon  the  dorsal  aspect  of  the  liver-mass  is  a  branched  cavity, 
that  of  the  renal  oryan,  lined  with  a  spongy  tissue,  and  opening 
externally  at  the  small  orifice  near  the  anus. 

Oryans  of  Innervation. — These  are  in  two  divisions,  one  corre- 
sponding to  the  cerebro-sjiinal  division,  the  other  to  the  sympathetic 
or  ganglionic  system  of  the  ^'ertebrata.  The  existence  of  the  latter, 
it  is  stated,  is  now  for  the  tirst  time  fully  established.  The  centres 
of  the  first  system  are  seven  pairs  and  a  half  of  ganglia.  Of  the 
seven  pairs,  five  are  supra-oesophageal,  two,  iufra-cesophageal :  the 
single  ganglion  belongs  to  the  right  side  and  has  been  named  visceral. 
There  are  three  nervous  collars  around  the  oesophagus,  one  of  which 
connects  the  infra-  with  the  supra-oesophageal.  The  total  number 
of  pairs  of  nerves  from  the  oesophageal  centres  is  twenty- one,  and 
there  are  also  four  single  nerves. 

The  sympathetic  system  exists,  and  is  more  or  less  demonstrable, 
in  the  skin,  the  buccal  mass,  and  on  all  the  internal  organs.  It 
consists  of  a  vast  number  of  minute  distinct  ganglia,  varying  in  size 
and  form,  the  largest  quite  visible  to  the  naked  eye,  of  a  bright 
orange  colour,  like  the  ganglia  around  the  oesophagus,  and  inter- 
connected by  numerous  delicate,  white  nervous  filaments,  arranged 
in  more  or  less  open  plexuses.  This  beautiful  system  is  connected 
with  both  sets  of  oesophageal  ganglia. 

The  authors  having  found  the  sympathetic  nervous  system  in 
several  species  of  Doris,  in  Eolis  papillosa,  and  in  Arionater,  beheve 
it  to  exist  in  all  the  more  highly  organized  Mollusca. 

The  supra-oesophageal  nervous  centres  in  the  Mollusca  are  in 
some  instances  so  concentrated  as  to  have  led  to  the  idea  that  they 
form  only  one  mass ;  in  others  the  ganglia  are  more  or  less  distinct, 
and  separated  from  each  other.  Doris  has  been  taken  as  the  repre- 
sentative of  one  class,  Aplysia  of  the  other,  and  on  a  comparison  of 
both  the  supra-  and  infra-oesophageal  ganglia  of  these  with  each  other, 
there  has  been  found  a  close  correspondence  between  them,  with  the 
exception  of  the  visceral  ganglion.  The  single  one  in  Doris  is  re- 
presented in  Aplysia  by  a  pair  of  ganglia,  situated  in  the  posterior 
part  of  the  body  near  the  root  of  the  branchiae.  The  supra-cesopha- 
geal  ganglia  in  the  Lamellibranchiata  appear  homologous  with  those 
of  Doris. 

Having  determined  the  existence  of  a  true  sympathetic  or  organic 
nervous  svstem  in  Doris,   the    authors  feel  themselves  more   in  a 
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position  to  trace  a  parallelism  between  the  CEsophageal  nervous 
centres  of  these  Mollusca  and  the  cerebro-spinal  system  of  the  Ver- 
tebrata,  and  accordingly  they  find  there  is  a  strict  analogy  between 
them,  even  to  the  individual  pairs  of  ganglia  of  which  they  re- 
spectively consist,  the  general  result  being  that  the  whole  of  the 
ganglia,  grouped  around  the  oesophagus  in  these  Mollusca,  answers 
to  the  encephalon,  and  a  small  portion  of  the  enrachidion,  of  the 
"\"ertebrata. 

Organs  of  the  Senses. — The  auditory  capsules  are  microscopic, 
composed  of  two  concentric  vesicles,  tlie  inner  enclosing  numerous, 
oval,  nucleated  otolithes.  The  eyes  are  minute  black  dots,  beneath 
the  skin,  attached  by  a  pedicle  to  a  small  ganglion.  They  are 
made  up  of  a  cup  of  pigment,  receiving  from  behind  the  nerve,  and 
lodging  in  front  a  lens,  having  in  advance  of  it  a  cornea,  the  whole 
enclosed  by  a  fine  capsule.  The  authors  believe  they  have  shown 
the  dorsal  tentacles  to  be  the  olfactory  organs. 

The  organs  of  touch  are,  the  general  surface  of  the  skin,  but 
more  particularly  the  oral  tentacles  or  veil.  Taste  is  most  probably 
located  in  the  lips  and  channel  of  the  mouth,  the  tongue  being  a 
prehensile  organ,  and  ill-adapted  as  the  seat  of  such  a  function. 

In  conclusion,  the  authors  comment  on  the  high  organization  of 
the  DoridcE,  and  express  their  belief  that  the  genus,  as  at  present 
understood,  will  require  to  be  broken  up  into  several  groups. 

ROYAL  IXSTITUTIOX  OF  GREAT  BRITAIN'. 

Friday,  April  2,  1852.— On  the  Blackheath  Pebble-bed,  and  on 
certain  Pheenomenain  the  Geology  of  the  Neighbourhood  of  London. 
By  Sir  Charles  Lyell. 

There  are  two  kinds  of  flint-gravel  used  for  making  roads  in  the 
neighbourhood  of  London,  both  of  them  in  certain  places  superficial, 
but  which  are  of  extremely  dift'erent  ages.  The  yellow  gravel  of 
Hyde  Park  and  Kensington  so  often  found  covering  the  "London 
Clay  "  may  be  taken  as  an  example  of  one  kind  ;  that  of  Blackheath, 
of  the  other.  The  first  of  these  is,  comparatively  speaking,  of  very 
modern  date,  and  consists  of  slightly  rolled,  and,  for  the  most  part, 
angular  fragments,  in  which  portions  of  the  white  opake  coating  of 
the  original  chalk  flint  remain  unremoved.  The  more  ancient  gravel 
consists  of  black  and  well-rounded  pebbles,  egs-shaped  or  spherical, 
of  various  sizes,  exhibiting  no  vestige  of  the  white  coating  of  the  ori- 
ginal flints,  yet  showing  by  the  fossil  sponges  and  shells  contained  in 
them  that  they  are  derived  from  the  Chalk.  In  the  pits  of  Black- 
heath and  the  neighbourhood,  where  this  old  shingle  attains  at  some 
points  a  thickness  of  50  feet,  small  pieces  of  white  chalk  sometimes 
occur,  though  very  rarely  intermixed  with  the  pebbles.  If  we  meet 
with  thoroughly  rounded  flints  in  the  more  modem,  or  angular 
gravel,  it  is  because  the  latter  has  been  in  part  derived  from  the  de- 
nudation of  the  older  bed. 

The  researches  of  the  Rev.  H.  M.  De  la  Condamine  have  shown 
that  the  sand  and  pebble-beds  of  Blackheath  and  Greenwich  Park, 
inclose  in  some  of  their  numerous  lavers,  freshwater  shells  of  extinct 
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species,  such  as  Cyrena  cuneiformis ,  &c.,  agreeing  with  fossils  which 
characterize  the  Lower  Eocene  beds  at  Woolwich.  At  Lewisham 
the  pebble-bed  passes  under  the  London  Clay,  and  at  Shooter's  Hill 
this  clay  overlies  it  in  great  thickness. 

At  New  Charlton,  in  the  suburbs  of  Woolwich,  Mr.  De  la  Con  da- 
mine  discovered  a  few  years  ago  a  layer  of  sand  in  the  midst  of  the 
pebble-bed,  where  numerous  individuals  of  the  Cyrena  tellinella 
were  seen  standing  endwise,  with  both  their  valves  united,  the  pos- 
terior extremity  of  each  shell  being  uppermost,  as  would  happen  if 
the  mollusks  had  died  in  their  natural  position.  Sir  Charles  Lyell 
described  a  bank  of  sandy  mud  in  the  delta  of  the  Alabama  river  at 
Mobile,  on  the  borders  of  the  Gulf  of  Mexico,  where,  in  1846,  he 
had  dug  out,  at  low  tide,  specimens  of  a  living  species  of  Cyrena, 
and  of  a  Gnathodon,  which  were  similarly  placed,  with  their  shells 
erect,  a  position  which  enables  the  animal  to  protrude  its  siphons 
upwards,  and  draw  in  water  to  lubricate  its  gills,  and  reject  it  when 
it  has  served  the  purposes  of  respiration.  The  water  at  Mobile  is 
usuallj'  fresh,  but  sometimes  brackish.  Sir  Charles  examined  lately 
the  Woolwich  beds  with  Mr.  Morris,  and  they  verified  Mr.  De  la 
Condamine's  observations,  observing  there  several  dozen  specimens 
of  the  Cyrena  telUnella  in  an  erect  position.  From  this  circumstance 
the  Lecturer  infers,  that  a  body  of  fresh  or  river  water  had  been 
maintained  permanently  on  that  spot  during  the  Eocene  period,  and 
the  presence  of  rolled  oysters  in  the  associated  pebbly  layers,  with 
other  marine  shells,  mixed  with  species  of  Melanopsis,  Melania,  Ce- 
rithium  and  Neritina,  demonstrate  that  the  sea  occasionally  invaded 
the  same  area.  To  an  overflow  of  the  pebbly  sand  in  which  the 
Cyrenae  lived  by  salt  water,  may  probably  be  attributed  the  poisoning 
of  the  mollusks  which  left  their  shells  uninjured  on  the  spot  where 
they  had  lived. 

The  stratum  called  "  the  shell-bed,"  which  contains  at  Greenwich, 
Woolwich,  Upnor  near  Rochester,  and  other  places,  a  great  mass 
of  freshwater,  brackish-water  and  marine  shells,  especially  oysters,  is 
observed  everj'where  to  underlie  the  great  pebble-bed.  Its  mode 
of  occurrence  implies  the  entrance  of  one  or  more  rivers  into  the 
Eocene  sea  in  this  region.  Other  rivers  draining  adjoining  lands 
are  indicated  by  a  similar  assemblage  of  fluvio-marine  fossils  near 
Guildford  and  at  Newhaven  in  Sussex.  The  vicinity  of  land  to  the 
south  and  west  of  Woolwich  is  shown  by  the  occurrence  at  New 
Cross,  Camberwell,  and  Chelsea  of  PalucUna  and  Unio  in  strata 
evidently  a  prolongation  of  the  Woolwich  beds,  and  by  fossil  leaves 
of  dicotyledonous  trees  and  layers  of  lignite  in  some  of  those  loca- 
lities. On  the  other  hand,  at  the  junction  of  the  "  London  Clay," 
and  the  subjacent  "  plastic  clays  and  sands,"  when  followed  in  an 
opposite  or  easterly  direction  towards  Heme  Bay  and  the  Reculvers, 
all  signs  of  the  freshwater  formation  disaj)pear,  and  the  pebble-bed 
is  reduced  to  a  thin  layer,  often  a  foot  or  a  few  inches  in  thickness. 
The  origin  of  this  shingle  may  have  been  chiefly  due  to  the  action  of 
■waves  on  a  sea-beach.  Its  accumulation  in  great  force  at  certain 
points  where  freshwater  shells  abound,  seems  to  imply  the  entrance  of 
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rivers  into  the  sea,  which  brought  down  some  flints,  and  arrested  the 
progress  of  others  travelling  as  beach  pebbles  along  a  coast  line, 
in  a  certain  direction  determined  by  the  prevailing  currents  and 
winds.  The  spreading  of  the  pebble-bed  over  a  wide  area  may 
be  accounted  for  by  supposing  a  gradual  subsidence  of  land,  and  the 
continually  shifting  of  the  coast-lines  upon  which  shingle  accumulated. 
This  same  subsidence  is  required  to  explain  the  superposition  of  the 
London  Clay,  a  deep-sea  deposit  to  the  Blackheath  or  Woolwich  beds 
which  are  of  shallow  water  or  httoral  origin.  One  of  the  rivers  of 
the  Lower  Eocene  period  swept  into  the  sea  at  Kyson  near  Wood- 
bridge  in  Suffolk  the  bones  of  a  monkey  of  the  genus  Macacus,  of  a 
marsupial  quadruped  allied  to  the  opossum,  of  a  Hyracotherium, 
and  other  mammalia,  which  have  been  determined  by  Professor 
Owen,  and  which  throw  light  on  the  inhabitants  of  the  land,  at  an 
sera  antecedent  to  the  deposition  of  the  London  Clay. 

Sir  C.  Lyell  then  exhibited  some  sections,  recently  published  by 
Mr.  Prestwich  *,  illustrative  of  the  geology  of  the  environs  of  London, 
and  gave  a  rapid  sketch  of  the  successive  Eocene  groups  from  the 
London  Clay  and  overlying  Bagshot  series  with  its  nummulites  to 
the  Barton  and  Hampshire  freshwater  formations  with  their  fossil 
quadrupeds.  He  then  alluded  to  the  tertiary  strata  next  in  the 
ascending  order  which  he  had  recently  studied  in  Limburg,  Belgium, 
which  are  not  represented  in  England,  and  next  to  the  Miocene 
faluns  of  Touraine  and  the  Pliocene  strata  or  crag  of  Suffolk,  and 
lastly  to  the  still  more  modern  glacial  period  and  the  brick-earth 
of  the  valley  of  the  Thames.  The  last-mentioned  formation  contains 
the  bones  of  extinct  quadrupeds  mingled  with  shells  of  recent  species, 
terrestrial  and  fluviatile. 

The  numerous  and  important  changes  in  the  fauna  of  the  globe, 
attested  by  these  successive  assemblages  of  extinct  species,  belonging 
to  different  tertiary  seras,  attest  the  vast  lapse  of  ages  which  separate 
the  time  when  the  freshwater  beds  of  Woolwich  and  Blackheath  were 
formed  from  the  human  period.  But  revolutions  of  another  and  no 
less  striking  kind  have  taken  place  contemporaneously  in  the  physi- 
cal geography  of  the  northern  hemisphere,  revolutions  on  so  great  a 
scale  that  the  greater  part  of  the  present  continents  of  Europe,  Asia, 
Northern  Africa  and  North  America  with  which  the  geologist  is 
best  acquainted,  have  come  into  existence  in  the  interval  of  time 
here  alluded  to.  It  may  also  be  confidently  affirmed  that  the  colos- 
sal chain  of  the  Alps  is  more  modern  than  the  tertiary  shingle  of 
Blackheath.  There  was  deep  sea  at  the  period  when  the  London 
Clay  was  forming,  precisely  in  the  area  where  the  loftiest  mountains 
of  Europe  now  rise  into  the  regions  of  perpetual  snow.  In  proof 
of  this  the  Lecturer  referred  to  the  works  of  several  modern  geolo- 
gists, especially  to  those  of  Sir  Roderick  Murchison,  and  to  a  Lecture 
delivered  by  Sir  Roderick  in  the  Royal  Institution  to  show  that  the 
nummuUtic  formation  which  belongs  to  the  Eocene  period,  and  not 
to  the  very  oldest  part  of  that  period,  attains  an  elevation  in  some 

*  Prestwich,  Geological  Enquir}'  respecting  the  "Water-bearing  Strata 
around  London,  &c.     Van  Voorst,  1851. 
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portions  of  the  Swiss  Alps  of  8000  or  even  10,000  feet,  and  enters 
into  the  structure  and  composition  even  of  the  central  axis  of  the 
Alps,  having  heen  suhject  to  the  same  movements  and  partaking  of 
the  same  foldings  and  contortions  as  the  underlying  cretaceous  and 
oolitic  strata. 

Sir  Charles  Lyell  next  proceeded  to  show  that  a  great  series  of 
volcanic  eruptions  had  occurred  in  Europe  since  the  older  Eocene 
strata  of  the  neighhourhood  of  London  were  deposited.  Not  only 
Vesuvius  and  Somma  as  well  as  Etna  and  the  extinct  volcanoes  of 
Southern  Sicily,  but  the  trachytic  and  basaltic  eruptions  of  the  ex- 
tinct volcanoes  of  central  France  are  more  modern  than  the  London 
Clay.  The  evidence  consists  not  only  of  the  superposition  of  igneous 
rocks  several  thousand  feet  thick,  to  lacustrine  strata  of  the  middle 
and  upper  Eocene  periods,  but  also  to  the  absence  in  the  pebble- beds 
constituting  the  base  of  the  tertiary  series  of  Auvergne,  Cantal,  and 
Velajr  of  any  jjebbles  of  volcanic  origin. 

The  Lecturer  concluded  by  stating  that  the  formation  of  every 
mountain  chain  and  everj'^  elevation  and  depression  of  land  bears 
witness  to  internal  changes  at  various  depths  in  the  earth's  crust. 
The  alteration  has  consisted  sometimes  of  the  expansion,  and 
sometimes  of  the  contraction  of  rock,  or  of  the  semi-liquefaction 
or  complete  fusion  of  stony  masses  and  their  injection  into  rents  of 
the  fractured  crust  occasionally  manifested  by  the  escajje  of  lava 
at  the  surface.  Every  permanent  alteration  therefore  of  level  may 
be  regarded  as  the  outward  sign  of  much  greater  internal  revo- 
lutions taking  place  simultaneously  far  below.  Even  the  precise 
nature  of  the  changes  in  the  texture  of  rocks  produced  by  subterra- 
nean heat  and  other  plutonic  influences  since  the  commencement  of 
the  Eocene  period  can  be  detected  in  a  few  spots,  especially  in  the 
central  axis  of  the  Alps,  where  the  disturbing  agency  had  been  in- 
tense. The  table  might  be  covered  with  specimens  of  gneiss,  mica- 
schist  and  quartz  rock,  once  called  primitive,  and  once  supposed  to 
be  of  a  date  anterior  to  the  creation  of  living  beings,  which  never- 
theless were  sedimentary  strata  of  the  Eocene  period  which  assumed 
their  crystalline  form  after  the  flints  of  Blackheath  were  rolled  into 
shingle,  and  even  after  the  shells  of  the  London  Clay  and  the  num- 
mulites  of  the  overlying  Bagshot  sands  were  in  existence. 

Yet  however  remote  may  be  the  antiquity  of  the  Blackheath  pebble- 
bed  as  demonstrated  by  the  vast  amount  of  subsequent  change  in 
physical  geography,  in  the  internal  structure  of  the  earth's  crust  and 
in  the  revolutions  in  organic  life  since  experienced,  its  origin  is  pro- 
bably as  W'idely  separated  from  the  ajra  of  the  Chalk  as  from  our  own 
times.  For  the  fossils  of  the  Chalk  difl^er  as  much  from  those  of  the 
oldest  tertiary  strata  near  London,  as  do  the  last  from  the  organic 
beings  of  the  present  aera.  Nevertheless  the  white  Chalk  itself  with 
its  flints  is  considered  by  every  geologist  as  the  production  of  a 
modern  aera,  when  contrasted  with  the  long  series  of  antecedent  rocks 
now  known,  each  formed  in  succession  when  the  globe  was  inhabited 
by  peculiar  assemblages  of  animals  and  plants  long  since  extinct. 
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ox  THE  PASSIVE  STATE  OF  METEORIC  IRON. 
BY  PROF.  WOHLER. 

T  HAVE  observed  the  remarkable  fact  that  the  greater  portion  of  the 
-■-  meteoric  iron  which  I  have  had  the  opportunity  of  examining,  is  in 
the  so-called  passive  state,  that  is  to  say,  that  it  does  not  reduce  the 
copper  from  a  solution  of  neutral  sulphate  of  copper,  but  remains 
bright  and  uncoppered  on  immersion  therein.  But  if  touched  in  the 
solution  with  a  piece  of  common  iron,  the  reduction  of  the  copper 
commences  immediately  upon  the  meteoric  iron.  It  also  becomes 
active  instantaneously  on  the  addition  of  a  drop  of  acid  to  the  solu- 
tion of  copper ;  but  if  the  reduced  copper  be  filed  away,  the  new  sur- 
face is  again  passive  ;  indeed  I  was  unable  by  fihng  away  to  pro- 
duce an  active  or  reducing  surface  on  any  passive  meteoric  iron.  I 
convinced  myself  by  experiments  on  meteoric  iron,  which  had  never 
been  in  contact  with  nitric  acid  and  nevertheless  was  passive,  that 
this  state  could  not  have  been  produced  by  the  corrosion  of  the  sur- 
face by  the  acid  for  the  production  of  the  Widmanstiittean  figures. 

I  thought  at  first  that  this  deportment  might  be  employed  as  a 
means  of  distinguishing  true  meteoric  iron  ;  but  it  soon  appeared 
that  some  undoubtedly  genuine  meteoric  iron  was  not  in  this  state. 
In  this  respect  I  have  observed  the  following  differences : — 

The  Pallas  iron,  the  iron  which  fell  at  Braunau  in  1847,  that  of 
Schwetz,  Bohumilitz,  Toluca,  Green  County  (N.  America),  Red 
River,  and  that  from  the  Cape  of  Good  Hope,  are  passive. 

Tlie  iron  from  Lenarto,  Chester  County,  Rasgata,  Mexico,  Senegal 
and  Bitburg  (the  latter  forged),  is  active  or  reducing. 

Between  the  two  stands  the  iron  from  Agram,  Arva,  Atacama  and 
Burlington  (X.  America),  which  do  not  become  coated  with  copper 
immediately,  but  on  uhich  the  reduction  gradually  commences  after 
a  longer  or  shorter  contact  with  the  cupreous  solution,  and  usually 
from  one  point  or  from  the  margins  of  the  fluid. 

These  peculiarities  appear  to  have  no  connexion  either  with  the 
presence  of  nickel  or  the  property  of  forming  regular  figures  on  cor- 
rosion, as  is  shown  by  the  iron  from  Lenarto,  which  is  active,  although 
it  contains  8"45  per  cent,  of  nickel  and  0"66  of  cobalt,  and  exhibits 
the  most  beautiful  figures  on  corrosion,  and  also  by  the  iron  brought 
by  Boussingault  from  Rasgata  in  Columbia,  which,  according  to  my 
analysis  contains  6' 7 4  per  cent,  of  nickel  and  0-23  of  cobalt.  On 
the  other  hand,  the  iron  from  Green  County,  which  is  completely 
passive,  contains  19  per  cent,  of  nickel  and  exhibits  no  figures. 

I  also  found  that  an  artificially  prepared  alloy  of  iron  and  nickel, 
which  on  corrosion  acquired  a  damasked  surface,  reduced  the  copper 
from  solution  in  the  same  manner  as  common  iron. 

Whether  this  state  is  proper  to  all  meteoric  iron  on  its  reaching 
the  earth,  and,  as  may  have  happened  in  the  case  of  the  active  kinds, 
have  only  been  lost  in  the  course  of  perhaps  a  very  long  period  of 
time,  and  what  probable  opinion  can  be  formed  of  these  phaeno- 
mena,  must  be  settled  by  experiments  and  observations  of  a  more  ex- 
tended nature. — PoggendorfF's  Annalen,  vol.  Ixxxv,  p.  449. 
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INVENTION  OF  THE  STEREOSCOPE. 

To  R.  Taylor,  Esq. 
Dear  Sir, 
Had  your  correspondent,  Mr.  Elliot,  attended  to  the  original  date 
of  my  first  memoir  on  Binocular  Vision,  reprinted  in  the  Philo- 
sophical Magazine  for  April  last,  he  would  have  seen  that  there  was 
no  ground  for  impugning  the  originality  of  my  researches.  That 
paper  was  read  at  the  Royal  Society  in  June  IdiiO.foxirteen  years 
ago,  and  published  in  the  Philosophical  Transactions.  The  subject 
was  brought  forward  in  September  of  the  same  year  at  the  Meeting 
of  the  British  Association  at  Newcastle,  where  it  excited  considerable 
interest,  and  was  fully  noticed  in  consequence  thereof  in  the 
Athenseum,  Literary  Gazette,  and  other  public  journals  ;  my  Ste- 
reoscope also  at  that  time  was  made  and  sold  by  the  principal  op- 
ticians in  London.  Whatever  instrument  Mr.  Elliot  made  thirteen 
years  ago  was  therefore  made  after  my  experiments  had  received  ex- 
tensive publicity. 

Yours  very  truly. 
King's  College,  C.  Wheatstone. 

May  2ad,  1852. 
[We  have,  since  the  publication  of  our  last  Number,  received  a  note 
from  Mr.  Elliot,  stating,  that  had  he  been  aware  that  Prof.  Wheat- 
stone  had  produced  his  Stereoscope  so  early  as  1838,  he  would  not 
have  sent  the  statement  inserted  therein. — Editor.] 


ON  THE  SUN  COLUMN  AS  SEEN  AT  SANDWICK  MANSE,  ORKNEY, 
IN  APRIL  1852.       BY  C.  CLOUSTON. 

The  perpendicular  column  of  light  which  appeared  repeatedly  at 
sunset  and  sunrise  during  April,  deserves  a  more  particular  account 
than  the  usual  monthly  report  contains,  as  this  is  the  most  northern 
locality  in  which  I  have  yet  heard  of  its  appearance. 

When  seen  in  the  evening,  it  was  generally  immediately  after  the 
sun  had  sunk  either  below  the  horizon,  or  behind  a  bank  of  clouds 
there. 

It  was  rather  wider  than  the  apparent  diameter  of  the  sun,  and 
extended  upwards  for  about  15°,  widening  a  little  towards  the  top, 
and  becoming  fainter,  so  that  there  was  no  defined  boundary  ;  but  it 
was  sometimes  much  shorter,  and  could  be  distinctly  seen,  when  it 
was  less  than  the  semidiameter  of  the  sun  above  the  horizon,  either 
when  vanishing  by  descending,  as  it  generally  did,  or  as  it  last  appeared 
on  the  3rd  of  May,  ■nathout  rising  more  than  about  1°. 

Though  at  first  it  seemed  to  be  a  law  that  it  must  descend  as  the 
sun  descended  below  the  horizon,  yet  on  one  occasion,  at  least  (on 
the  26th),  it  vanished  by  ascending,  or  the  base  disappeared  first. 

It  was  generally  remarkably  perpendicular,  but  sometimes  had  a 
perceptible  inclination  to  one  side,  and  followed  the  course  of  the  sun 
northwards. 

It  had  periods  of  greater  and  less  brightness,  but  for  the  most  part 
was  steady,  something  like  a  sunbeam  among  the  clouds,  and  never 
had  any  approach  to  the  rapid  motion  of  the  aurora. 
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Its  colour  was  pale  or  whitish  iu  its  upper  portion,  or  when  it  ap- 
peared contrasted  with  the  dark  sky  ;  but  in  passing  through  the  red, 
copper,  or  orange-coloured  sky  that  prevailed  lower  down,  it  partook 
of  its  shade,  and  tinged  the  thin  strata  of  cloud  that  lay  across  it  with 
a  brighter  hue  of  their  own  colour.  Fifty-five  minutes  was  the  longest 
period  that  it  was  visible  any  evening.  I  am  told  that  it  also  appeared 
very  bright  some  mornings  before  sunrise. 

If  the  plipenomenon  was  uncommon,  so  was  the  state  of  the  atmo- 
sphere when  it  occurred.  The  drought  was  unprecedented  ;  only 
about  i^th  of  an  inch  of  rain  falling  in  April,  which  is  about  oVtli  oi 
the  average  qviautity  in  that  month  in  previous  years.  The  atmo- 
spheric pressure  was  great,  the  mercury  never  being  lower  than  30'07, 
nor  higher  than  30'32.  The  temperature  was  also  high  for  the 
month,  being  47""64,  or  more  than  4"  above  the  average  for  April. 

The  atmosphere  was  very  calm,  and  the  sky  near  the  horizon  of 
that  red  or  copper  colour  which  generally  indicates  dry  and  warm 
weather,  so  that  at  last  we  could  anticipate  its  appearance.  I  do  not 
presume  to  explain  the  mode  of  its  production,  but  these  circumstances 
may  assist  others  in  doing  so. 

METEOROLOGICAL  OBSERVATIONS  FOR  APRIL  1852. 
Chistvick. — April  1.  Overcast  and  cold:  fine:  clear  and  frosty.     2.  Cold  dry 
haze  :  clear  and  frosty.     3.  Slight  fog  :  fine  :  clear.     4.  Slight  haze :  overcast 
clear.     5,  6.  Fine.    7.  Cloudy.    8.  Cold  and  dry  :  clear.    9.  Very  fine.    10.  Clear 
hazy.     11.  Foggy  :  very  fine.      12.  Hazy  :  clear  at  night.      13.  Hazy :  ven."  fine 
clear.      14.  Dry  haze  :  fine,  with  very  dry  air  :  clear.      15.  Foggy  :  shght  haze. 
16.  Cloudy  and  cold.     1".  Clear  and  fine.     18.  Cloudy  and  cold.     19.  Clear  and 
cold  :  cloudy  :  clear,  with  sharp  frost  at  night.     20.  Clear :  very  fine  :  sharp  frost 
at  night.     21.  Clear,  with  excessively  dry  air.     22.  Foggy  :  fine  :  clear.     23.  Fine, 
^vith  hot  sun.      24.  Boisterous.      25.  White  clouds  :   fine :  clear  and  frosty  at 
night.      26.  Clear:  fine:  clear  and  frosty.      27.  Cloudy:  frosty  at  night.      28. 
Cloudy  and  fine  :  rain  at  night.     29.  Rain  :  densely  clouded.     30.  Cloudy  and  fine- 
Mean  temperature  of  the  month  44°-81 

Mean  temperature  of  April  1851       44  "oS 

Mean  temperature  of  AprQ  for  the  last  twenty-six  years    ...  47  "30 

Average  amount  of  rain  in  April       1*65  inch. 

Boston.— AY>nl  1—4.  Fine.  5—7.  Cloudy.  8.  Fine.  9.  Cloudy.  10,  11.  Fine. 
12.  Cloudy.    13, 14.  Fine.    15— 17.  Cloudy.'    18.  Cloudy :  rain  a.m.     19.  Cloudy. 

20,  21.  Fine.  22.  Cloudy.  23.  Fine.  24.  Fine :  stormy.  25,  26.  Fine.  27. 
Cloudy.     28.  Fine  :  rain  p.m.     29.  Cloudy  :  rain  a.m.  and  p.m.     30.  Cloudy. 

Sa/idwiek  Manse,  Orkney. — April  1.  Clear  :  fine :  clear.  2.  Cloudy  :  fine  :  clear  : 
fine.  3.  Bright :  fine :  clear  :  fine.  4 — 7.  Clear  :  fine.  8.  Bright :  damp.  9. 
Clear  :  fine  :  cloudy :  fine.  10.  Clear  :  fine  :  aurora.  11.  Hazy  :  fine :  clear  :  fine  : 
aurora.  12,  13.  Bright :  fine  :  warm  :  fine.  14.  Bright :  fine  :  warm  :  fine  : 
aurora.  15 — 17.  Bright:  fine:  warm:  fine.  18.  Cloudy:  fine:  clear:  fine: 
aurora.     19.  Bright :  fine :  clear  :  fine.     20.  Drops:  fine:  clear  :  fine  :  S.  aurora. 

21.  Clear  :  fine  :  clear :  aurora.  22,  23.  Bright :  cloudy :  aurora.  24.  Clear :  fine. 
25.  Clear  :  fine  :  aurora.  26.  Cloudy  :  fine.  27.  Bright :  fine  :  clear:  fine.  28. 
Cloudy  :  fine  :  showers  :  fine.     29.  Fog  :  damp.     30.  Cloudy  :  clear :  fine. 

This  month  has  been  unprecedentedly  fine,  dry  and  warm,  with  the  barometer 

M^an  temperature  of  this  month     47^'64 

Mean  temperatiu-e  of  April  for  preceding  twenty-five  years  ...  43  "28 

Average  amount  of  rain  in  April  for  six  years    2  inches. 

The  most  singular  meteorological  phaenomenon  this  month  was  the  perpendi- 
cular column  of  light  which  appeared  above  the  sun  at  setting,  extending  about 
15°  in  height,  wider  than  the  apparent  diameter  of  the  sun,  following  his  course 
northwards,  and  continuing  one  evening  for  55  minutes.  It  appeared  at  sunset  on 
the  6th,  11th,  16th,  24th,  26th  and  27th,  and  once  or  twice  before  I  noted  the 
date,  either  this  month  or  March,  also  before  sunrise. 


^  . 


•iiot.ttputjs 
'Xauvo 

p 

:  oo 
:  P 

b 

ro 

:  m  ^     1  0 

•uojsoa 

p 

•  o  - 

n 

s: 

o 

ti     n 

n  00 

r» 

•:ioiivs!H3 

p  p 

ro  w 

to 

b 

c 

■3l3i.wpires 

a>  ^  V  lu 

»     ^     CA     <» 

<u  ^  -u  <u  S 
^   S   <a   <«   g 

•uoisog 

•in-d  I 

5i^<uS^''2i9J^'"'"^M'^"'^^"""^SS"""=^2^-^^^ 

S 

»^4q                    ^-:ci-''«i                    -*'ci                                                          -^              ^-^ 

IS, 

-it 

D. 

c  5 

^ 

0l5 
a; 

B 

-;«                                                                             -51  -« -«                                          -» 

On 

vn  t^oo    K-ivo  vo    OO    OO    O    •*rl    "-.•<j-rl    "-.roo    CTvrt    OOnOi-ioo    on—    noo 

1 

J3 

:^ 

'^■■^■^■>*-'<}-'l-'4-"^-*"^'^'^"^"^"^"^"^"^>^'+'^'*'+'i-''i'*'<l-mi'i'<J-        1    ^ 

•lU'B  f8 

lo                                     ly^u-t              u-itnu-j             voio 

k 

•uojsog 

1  o 

a 

rJ-u-iOOOO    cyvOOO    •+VO  oo    t^vo    cnm    u-iii    ^f-O    "i    t^rnN    roo    r--K-iTj-0    •<4 

p 

1 

S 

1    '^ 

.3 

CO 

^ 

g 

"rl'-OMt-.O-d-r^Ot"  c^oo    r^O    rl'O    000    Ow    OOO    r'-i'<j-mi>->rl-wvO 

u-^  u^  ly-i  u-t  lo  to  wi  lo  lovo    to  lo^    t^^O    to  to  to  ^  totO    t^\0    to  tovO    tovo  tO  VO 

r^ 

s 

to 

M 

fi 

vo    -^  mvo    f^    ■+  to  w    t^oo  VO  VO    O  moo    O  to    •^J-vo    CvOrloo    rl    Ooo    r^"    -^j-m 

rl 

Ji 

Mrjrnm-Hf4rnroN»-''^i-«'^N    '-«'-'    CNOOoC\CNOrlrnrJ»-'Or^vOoo 

n 

.y 

b  b  b  b  b  b  b  b  b  b  b  b  b  b  b  b  bv  b  b\  bs  bs  b  b  b  b  b  b  o  ov  'a 

N                 O 

•a 

5? 

e 

00 

c^fOcocnmmrocorncorororococomH    roc4    N    d    cocomcorornc)    cJ    N 

ro 

a 

0    f^oo  oo    O    rooo  00    Of^    otocv'-'    O    m«    t-^  ^vo    rl    •=*-  mvo    t^  f-  •*  ■*  r--  o 

S                   N4 

«^H^^^oc^^-lNf^^^c^'-'►^'-'r»N^Oc^c^ooOC^|-'mr^»-ll-l00vovo 

t-l 

O 

b  b  b  b  b  b  b  b  o  b  o  0  o  o  o  o  b  c\  cv  o  b  cv  b  b  b  b  o  o  cv  b 

N               O 

Ol 

cofocococorococomcocococorocococoN    N    rl    rorl    rocococotorl    c<    rl 

m 

a 

oo  to  00    0  to    m  O    Ovvo    ■>4-Tj-rl    rl    Ovo    (^00    t-^^j-rl    n    roQvD    o-d-Tj-o    r>    O 

s 

•ra-B  ?8 

VO    ON  Ovoo    f^  t~^oo  oo    O\oo  oo    On  Cvoo    t^vo    to  ■>;1-  t-^  t-~  t^  to  tovo    tovo    f^  t^  m  11 

r^ 

•aojsog 

OvOvONOOnOnOsO<?\OnCvOnOvO\CvOnCvOvOvOnOv^OvCvOvOvOOvOvO 

nrinrinrir>r>nNrinNr)nHriNn«MnMrlNNc»riMr» 

n 

to  covo    r-^  Cv  1    O    n    t^  C\  -^vo    ^mvo    t^^-.roovc^^t^'-'    rlvo    O    r<ln    ^vo  vo 

Mvo    '^-4-Cvi   tomooo    «i-roc-^t^  r^oo    covo  vo    -^^tori    -^OO    tor^  t^oo    r 

OMM«0"iinro««rlM~0     CvOO    t--  C    O    OnOO  oc  to    ov  Gn  >-■    CNVO    "■ 

■>         o 

s 

OOOOOOOOOOOOOOOCn?<C\OOCvCnOCvCvCnOOvOvO 

V            O 

3 

mcorommcocncorommrococomrl    rl    rl    romrl    n    rl    n    N    rl    rorl    rl    rl 

m 

1 

ro  r^vO  VO    11  VO  oo    C    n    ro  t^oo    mrl    •<i-l-~.t^OvocO    tJ-co-    ron    nocvo    0    O 

s 

O   O    rl   tO'+TJ--    r^«    CNt^r-^-vo    r^rovo^    c\«    t^oovo    o    n    t~~vo    tori    o 

t^ 

rItorniiMirlrlrr.  t;iirlrori-'OCvOOiOOOOCsOvOii'-oovo 

n 

« 

b  b  b  b  b  b  b  b  b  b  b  b  b  b  o  b  o\  o  o  b  b  ov  c\  ov  bv  o  o  b  o\  b 

rorororor*^mtornromr^cocoromc^rl    mmroc^rl    N    rl    rl    mromri    rl 

V            O 
m 

Q 

J3 

c 

a 

s  = 

n    rl    ro  •<4-  tovo    c^ooCNO^rlr^^  tovo    r^cc    CvO    i    rl    ro'^  tovo    t^oo    Ov  d 

CS 

> 

MMMMUHiiiiiiixrlrinrlrlrinnrinr' 

s 

Q 

<^ 

=  < 

o                       «                                   ®                               « 

THE 
LONDON,  EDINBURGH  and  DUBLIN 

PHILOSOPHICAL  MAGAZINE 

AND 

JOURNAL  OF  SCIENCE. 

SUPPLEMENT  to  VOL.  III.  FOURTH  SERIES. 


LXIX.   Oa  the  Heat  disengaged  in  Chemical  Comhinations, 
By  James  Prescott  Joule^  F.R.S. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

THE  follo^-mg  memoir  was  communicated  to  the  Freneli 
Academy  several  years  ago*^  in  order  to  compete  for  the 
prize  offered  for  the  best  essay  on  the  heat  of  chemical  combi- 
nations. Owing  to  my  not  having  been  aware  of  the  regulations 
to  be  observed  by  the  competitors,  and  to  the  delay  in  procm-ing 
9.  good  translation,  my  paper  was  deemed  ineligible,  but  was 
referred  to  the  Commission  appointed  to  examine  the  memoirs 
presented  on  the  same  subject.  The  time  has  now  arrived  when 
I  feel  that  I  ought  not  to  delay  communicating  the  results  of  a 
laborious  investigation  to  the  scientific  world,  and  I  therefore 
transmit  to  you  an  exact  copy  of  the  paper  from  which  the 
French  translation,  now  in  the  possession  of  the  Academy  of 
Sciences,  was  made.  The  necessity  of  making  no  alterations 
whatever  in  the  paper  has  prevented  me  from  citing  additional 
authorities,  and  making  sundry  small  corrections  which  have 
occurred  to  me  since  it  was  written.  I  will  therefore  avail  my- 
self of  the  opportunity  of  making  a  few  prefatory  observations. 

1  would  remark,  in  the  first  place,  that  the  laws  of  the  disen- 
gagement of  heat  by  voltaic  electricity  received,  nearly  at  the 
same  time  that  the  expeiiments  contained  in  my  paper  were 
made,  a  new  confirmation  and  important  developments  by  the 
researches  of  Professor  J.  D.  Botto  of  Turin.  This  valuable 
contribution  to  physical  science  will  be  foimd  in  the  Memoirs  of 
the  Academy  of  Sciences  of  Tm-in,  2nd  series,  vol.  viii.  In  the 
Bulletin  des  Sciences  of  the  Berlm  Academy  for  the  2oth  of  No- 
vember 1848,  -nill  also  be  found  an  able  memoir  on  the  same 
subject  by  Professor  Poggendoi-flF. 

*  See  the  Comptes  Rendus  for  Februan-9,  \S46. 
Phil,  Mag.  S.  4.  No.  21.  Suppl.  Vol.  3.  2  1 
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I  have  learned  from  Professor  ThomsoH  that  the  length  of  the 
needle  of  iny  galvanometer  is  so  small  in  comparison  with  the 
diameter  of  the  coil,  that  no  sensible  eri'or  could  have  arisen  from 
taking  the  tangents  of  the  deflections  as  the  measure  of  the  cur- 
rents traversing  the  coil.  The  amount  of  the  correction  that  I  have 
applied  is,  however,  too  trifling  to  aff'ect  materially  the  numerical 
results  arrived  at.  Professor  Thomson  has  kindly  allowed  me 
to  describe  the  arrangement  by  means  of  which  he  has  recently 
effected  a  veiy  valuable  improvement  in  the  tangent  galvanometer. 
The  coil  he  employs  is  represented  by  PI.  XI.  flg.  9.  It  consists 
of  two  concentric  circles  of  flat  copper  wii-e,  the  outer  one  being 
12  inches,  the  inner  9  inches  in  diameter.  It  is  fiu-nished  with 
three  terminals,  a,  b  and  c,  which  can  be  readily  connected  with 
a  battery,  or  other  apparatus,  by  means  of  the  usual  clamps.  It 
will  be  seen  that  if  the  current  pass  from  a  to  c,  it  will  traverse 
the  outer  circle ;  that  if  it  pass  from  b  to  c,  it  will  traverse  the 
inner  circle ;  and  that  if  it  pass  from  a  to  b,  it  will  traverse  both 
circles  in  opposite  directions.  The  diameters  of  the  circles  being 
in  the  proportion  of  4  to  3,  it  is  obvious  that  the  effect  of  a  con- 
stant current  on  the  needle  will  in  the  three  arrangements  be  re- 
spectively proportional  to  3,  4  and  1.  So  that  by  making  two 
circles  of  unequal  force  oppose  one  another.  Professor  Thomson 
obtains  the  means  of  measuring  powerful  currents  accm"ately, 
without  needlessly  increasing  the  size  of  the  galvanometer. 

I  observe  with  pleasure  that  Dr.  Woods  has  recently  arrived 
at  one  of  the  results  of  the  paper,  viz.  "  that  the  decomposition 
of  a  compound  body  occasions  as  much  cold  as  the  combination 
of  its  elements  originally  produced  heat,"  by  the  use  of  an  elegant 
experimental  process  described  in  this  Magazine  for  October  1851. 
I  ought,  however,  to  remark,  that  previous  to  the  year  1843 
I  had  demonstrated  "  that  the  heat  rendered  latent  in  the  elec- 
trolysis of  water  is  at  the  expense  of  the  heat  which  would  other- 
wise have  been  evolved  in  a  free  state  by  the  circuit*,"  a  pro- 
position, which  Professor  Thomson  has  shown  to  be  an  inevitable 
consequence  of  the  dynamical  theory  of  heatf. 

I  have  the  honour  to  remain.  Gentlemen, 

Yours  very  respectfully, 
Acton  Square,  Salford,  James  P.  JoULE. 

March  30,  1852. 


Actioni  eOntraria  sempei  et  sequalis  est  reactj/». — Newton. 

1.  My  object  in  the  present  memoir  is  to  communicate  to  the 
Academy  of  Sciences  an  inverse  method  for  ascertaining  the 

*  Philosopliical  Magazine,  S.  3.  vol.  xxiii.  p.  263. 
t  Memoir  on  the  Dynamical  Theory  of  Heat,  §  18. 
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quantity  of  heat  evolved  by  combustion,  together  with  the  results 
at  which  I  have  arrived  by  its  use.  Being  convinced  of  the 
accuracy  of  the  experiments  of  Dulong,  and  knowing  that  distin- 
guished philosophers  were  engaged  in  confii'ming  and  extending 
his  results,  I  thought  that  by  examining  the  electrical  reactions 
I  should  best  fulfill  the  wishes  of  the  Academy. 

2.  Da\y  di'ew  from  his  electro-chemical  experiments  the  con- 
clusion, that  the  heat  and  light  evolved  in  chemical  combinations 
are  caused  by  the  remiion  of  the  two  electricities.  Subsequently 
Berzelius  has  taken  up  Da\y's  theory,  and,  giving  it  new  deve- 
lopments, has  made  it  the  foundation  of  modern  chemistry. 
Ampere  has  still  fm'ther  modified  the  theory,  in  order  to  explain 
the  permanency  of  chemical  combinations.  The  views  of  these 
and  other  philosophers  have  been  ably  discussed  by  Becquerel  in 
his  Traite  de  FEIectricite*,  and  therefore  I  need  not  attempt  any 
criticism  of  them,  were  it  indeed  necessary  to  my  design  to  do 
so.  It  will  be  sufficient  for  my  pm'pose  to  admit, — 1st,  that  when 
two  atoms  combine  by  combustion,  a  cuiTent  of  electricity  passes 
from  the  ox^^gen  to  the  combustible ;  2nd,  that  the  quantity  of 
this  current  of  electricity  is  fixed  and  definite ;  and  3rd,  that  it 
is  the  means  of  the  evolution  of  light  and  heat,  precisely  as  is 
any  other  current  of  electricity  whatever. 

The  first  of  these  propositions  I  consider  to  have  been  proved 
by  the  experiments  of  Pouillet  and  Becquerel f,  and  the  second 
is  naturally  derived  from  the  discoveries  of  Faraday.  Therefore 
it  is  only  necessaiy  to  obtain  one  element  more,  ^iz.  the  intensity 
or  electromotive  force  of  the  electric  cui'rents  passing  between 
the  atoms,  in  order  to  be  able  to  estimate  the  heat  due  to  che- 
mical combinations. 

3.  But  it  is  important  to  decide  first,  by  what  laws  the  evolu- 
tion of  heat  by  electricity  is  governed.  Brooke  and  Cuthbertson 
found  that  the  length  of  wire  melted  by  an  electrical  battery 
varied  nearly  with  the  square  of  its  charge ;  and  Childi'en  and 
Harris  showed  that  more  or  less  heat  is  evolved  by  fiictional 
electricity  in  proportion  to  the  goodness  or  badness  of  the  con- 
ductors. P.  Riess,  however,  appears  to  have  made  the  most  ex- 
tensive and  accurate  experiments  on  the  calorific  effects  of  fric- 
tional  electricity.  This  philosopher  has  shown  that  the  heat 
evolved  by  an  electrical  discharge  is  proportional  to  the  square 
of  the  quantity  of  fluid  divided  by  the  extent  of  coated  glass 
surface  upon  which  it  was  induced ;  in  other  words,  proportional 
to  the  quantity  and  density  of  the  fluid  J. 

*  Traite  de  VEleetricite,  vol.  iii.  p.  366. 

t  Becquerel,  Traite  de  VEleetricite,  vol.  ii.  p.  85. 

J  Annates  de  Chimie  et  de  Physique,  vol.  Ixix.  p.  113. 
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In  the  year  1840*  I  commenced  experiments  on  the  calorific 
effects  of  voltaic  electricity,  having  at  that  time  no  knowledge  of 
what  llicss  had  previously  done  in  frictional  electricity.  By 
these  experiments  it  was  proved,  that  when  a  current  of  voltaic 
electricity  is  propagated  along  a  metallic  conductor,  the  heat 
evolved  thereby  in  a  given  time  is  proportional  to  the  resistance 
of  the  wire  and  the  square  of  the  quantity  of  electricity  trans- 
mitted. 

Pursuing  the  inquiry,  I  found  that  the  law^  applied  very  well 
to  liquid  conductors ;  and  hence  I  inferred  that  the  heat  evolved 
by  any  voltaic  pile  is  prupor-tional  to  its  intensity  or  electromotive 
force,  and  the  number  of  chemical  equivalents  electrolysed  in  each 
cell  of  the  circuit ;  or  in  other  words,  proportional  to  the  intensity 
of  the  pile  and  the  quantify  of  transmitted  electricity  ■\. 

The  above  law  must  be  understood  to  hold  good  only  when 
the  pile  is  free  from  local  or  secondary  action  ;  for  it  is  obvious 
that  the  heat  evolved  by  any  action  not  directly  engaged  in  pro- 
pelling the  current  ought  to  be  eliminated.  Those  parts  of  the 
pile  where  these  secondary  and  local  actions  are  carried  on,  may 
be  regarded  as  minute  voltaic  circles  respectively  evolving  heat 
in  quantities  determined  by  the  law ;  but  this  heat  is  not  to  be 
confounded  with  that  due  to  the  direct  and  useful  action  of 
the  pile. 

In  applying  the  law^  the  intensity  or  electromotive  force  of 
the  pile  must  be  taken  at  its  maximum,  and  not  when  under  the 
influence  of  the  polarization  of  Ritter,  a  phsenomenon,  which,  as 
is  well  known,  is  occasioned  by  the  deposit  of  electro-positive 
substances  on  the  negative  plates  of  the  pile.  "When  a  pile  is 
under  the  influence  of  this  polarization,  its  intensity  is  dimi- 
nished ;  but  I  have  shown  that  the  diminution  of  heat  due  to 
this  diminution  of  the  intensity  of  the  pile  is  exactly  counter- 
balanced by  the  evolution  of  an  additional  quantity  of  heat  at  the 
polarized  plates ;  and  hence  it  appears  that  the  heat  evolved  is  at 
all  times  proportional  to  the  intensity  of  the  pile  w^hen  its  plates 
are  in  the  ])roper  condition  and  free  from  the  polarization  of 
Ritter,  multiplied  by  the  quantity  of  transmitted  electricity. 

In  a  memoir  J  "  On  the  Heat  evolved  during  the  Electrolysis 
of  Water,"  I  proved  the  three  following  propositions  : — 

1st.  That  the  resistance  to  conduction,  whether  it  exists  in 
solid  or  in  liquid  conductors,  occasions  the  evolution  of  a  quan- 
tity of  heat,  which,  for  a  given  time,  is  proportional  to  the  mag- 

♦  Proceedings  of  the  Royal  Society, 
t  Philosophical  Magazine,  S.  3.  vol. xix.  p.  2/5. 

X  Memoirs  of  the  Literaiy  and  Philosophical  Society  of  Manchester, 
2nd  series,  vol.  vii,  pai-t  2. 
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nitude  of  the  resistance  to  conduction  and  the  square  of  the 
quantity  of  transmitted  electricity. 

2nd.  That  the  resistance  to  electrolysis  presented  by  water  does 
not  occasion  the  evolution  of  heat  m  the  decomposing  cell.  At 
the  same  time,  the  heat  evolved  by  the  whole  circuit,  for  a  given 
quantity  of  transmitted  electricity,  is  diminished  on  account  of 
the  decreased  electromotive  force  of  the  current,  owing  to  the 
resistance  to  electrolysis.  It  is  reasonable  to  infer  that  this  di- 
minution of  the  heat  evolved  by  the  circuit  is  occasioned  by  the 
absorption  of  heat  in  the  decomposing  cell. 

And  3rd.  That  the  resistance  occasioned  by  the  polarization  of 
Ritter  occasions  the  evolution  of  heat  at  the  surfaces  on  which 
this  phjenomenon  takes  place;  and  thus  it  happens  that  the 
diminution  of  the  heat  evolved  by  the  circuit,  in  consequence  of 
the  diminished  intensity  of  the  pile,  is  exactly  compensated  for ; 
so  that  the  heat  evolved  by  the  whole  circuit  may  be  estimated 
by  the  chemical  changes  occurring  in  the  pile,  just  as  if  no  such 
polarization  existed. 

I  have  already  given  theoretical  results*  for  the  heat  of  com- 
bustion agreeing  so  well  lA^ith  the  experiments  of  Duloug,  as  to 
convince  me  of  the  accuracy  of  the  principles  above  advanced. 
My  method  was  to  ascertain  how  much  of  the  intensity  of  a  pile 
is  spent  in  overcoming  the  affinity  of  the  combustible  for  oxygen, 
and  then  to  calculate  the  heat  due  to  such  an  intensity,  which 
heat  ought,  on  our  principles,  to  be  equal  to  the  heat  occasioned 
by  the  recombination  of  the  elements  in  combustion.  I  hope  in 
the  present  paper  to  be  able  to  show  that  still  more  accm-ate 
results  may  be  attained  by  the  use  of  a  method,  founded  upon 
the  same  principles,  but  of  greater  simplicity.  Previously,  how- 
ever, to  the  description  of  the  new  experiments,  I  intend  to  bring 
forward  some  new  proofs  of  the  correctness  of  the  law  upon 
which  their  acciu'acy  entirely  depends. 

I  am  aware  that  M.  Ed.  Becquerelf  andM.  LenzJ  have  sepa- 
rately, and  by  numerous  and  skilfully  performed  experiments, 
made  it  abundantly  clear  that  the  heat  evolved  by  voltaic  elec- 
tricity is  proportional  to  the  resistance  to  conduction  and  the 
square  of  the  current.  Nevertheless  I  have  made  new  experi- 
ments upon  the  subject,  thinking  it  impossible  to  demonstrate 
too  completely  the  accuracy  of  a  law  upon  which  all  thermo- 
chemical  phaenomena  depend.  I  have  endeavoured  to  make  the 
results  of  these  experiments  worthy  of  confidence  by  the  employ- 
ment of  a  galvanometer  and  thermometers  of  great  delicacy  and 
accuracy. 

*  Phil.  Mag.,  S. 3.  vol.  xix.  p.  2/6  ;  and  vol.  xxii.  p.  205,  &c. 
t  Annales  de  Chimie  et  de  Physique,  1843,  vol.  ix.  p.  21. 
X  Annalen  der  Physik  und  Chemie,  vol.  bd.  p.  18. 
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4.  The  galvanometer  was,  in  all  its  essential  parts,  constructed 
similarly  to  Pouillet's  compass  of  tangents.  A  stout  circular 
mahogany  board  {aa,  figs.  1  and  2,  PI.  XI.)  supported  upon  three 
leveling  screwSjfomis  the  base  of  the  instrument.  To  the  diameter 
of  this  a  stout  vertical  board  is  fixed,  having  a  semicircular  hole 
in  its  centre  for  the  reception  of  the  graduated  circle  bb.  This 
circle,  constructed  of  brass  entirely  free  fi'om  magnetic  influence, 
is  6  English  inches  in  diameter  and  divided  to  half-degrees  j  it 
is  also  furnished  with  leveling-screws,  &c.  At  ccc  are  three 
screws  furnished  with  nuts,  for  the  pui'pose  of  afl&xing  to  the 
vertical  board  any  coil  that  may  be  requii-ed. 

The  magnetic  needle,  of  which  I  have  given  a  full-size  repre- 
sentation in  fig.  3,  consists  of  two  pieces  of  hard  steel,  each  half 
an  inch  long,  kept  about  a  millimetre  asunder  by  the  intenen- 
tion  of  a  small  piece  of  brass  to  which  they  are  cemented.  An 
exceechngly  delicate  glass  pointer*,  weighing  only  7  or  8  md- 
hgrammes,  is  affixed  to  the  top  of  the  needle.  The  ends  of  the 
pointer  are  painted  black,  in  order  to  be  the  more  distinctly 
seen  as  they  traverse  the  silvered  edge  of  the  circle.  A  piece  of 
fine  copper  wire  is  affixed  to  the  needle  in  such  a  manner  as  to 
afford  the  means  of  suspension  by  a  single  filament  of  silk,  and 
also  of  a  rest  when  the  instrument  is  not  in  use.  The  filament 
of  silk  is  suspended  from  a  graduated  circle,  dd,  fig.  2,  by  means 
of  which  torsion  can  be  given  to  the  filament.  There  is  also  a 
piece  of  apparatus,  ee,  fig.  2,  by  means  of  which  the  needle  can 
be  elevated,  depressed,  or  adjusted  to  the  centre  of  the  divided 
circle  bb. 

One  can,  as  I  have  already  hinted,  affix  to  the  vertical  board 
of  the  galvanometer  a  coil  consisting  of  a  fewer  or  larger  number 
of  turns  of  copper  wire,  according  to  the  nature  of  the  experi- 
ment intended  to  be  made.  In  the  present  research  I  employed 
one  consisting  simply  of  a  thick  copper  wu-e  bent  into  a  circle  of 
a  foot  (English)  diameter.  The  connexion  between  the  coil  of 
the  gahanometer  and  the  voltaic  batten,^  (which  were  placed  at 
a  distance  fi'om  each  other  of  about  sLx  metres)  was  estabUshed 
by  means  of  clamps  and  screws  at  ff. 

I  need  hardly  remark,  that  it  was  found  necessary  to  protect 
the  galvanometer  against  any  %'ibrations  of  the  floor  of  the  labo- 
ratory- in  which  the  experiments  were  made.  This  was  effected 
by  boring  three  holes  in  the  floor,  and  dialing  strong  wooden 
stakes  through  them  into  the  ground.  The  feet  of  the  stool 
upon  which  the  galvanometer  is  placed  rest  upon  the  tops  of 

*  The  use  of  a  glass  pointer  was  suggested  to  me  by  Mr.  Dancer,  the 
maker  of  my  galvanometer.  I  have  since  found  that  it  has  been  employed 
by  Professor  Buusen  of  ^larburg  in  his  galvanometer  of  tangents. 
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these  stakes,  so  that  the  floor  of  the  room  forms  a  platform  en- 
tii'cly  independeut  of  the  instrument. 

Although  the  glass  pointer  weighs,  as  I  have  already  ob- 
served, only  7  or  8  milligrammes,  the  resistance  to  its  motion 
presented  by  the  air  was  so  great  as  to  bring  the  magnetic 
needle  to  which  it  was  affixed  to  a  state  of  perfect  tranquillity  in 
ten  seconds  after  the  circuit  was  shut.  Therefore  I  found  it 
quite  unnecessary  to  employ  the  oil  recommended  by  Lenz  as  an 
additional  resisting  medium.  Nor  did  I  find  it  necessary  to 
make  use  of  any  verniers  or  micrometers ;  the  only  assistance  to 
the  naked  eye  being  a  glass  prism,  to  look  thi'ough  horizontally 
when  the  pointer  could  not  be  well  viewed  from  a  vertical  posi- 
tion. I  found  no  difficulty  in  reading  off  the  angles  of  deflec- 
tion to  2  or  3  minutes  of  a  degree.  Those  who  are  accustomed 
to  work  with  galvanometers  mil  admit,  that  it  would  be  useless 
to  attempt  to  arrive  at  greater  accm-acy  by  the  employment  of 
means  which  must  necessarily  increase  the  time  occupied  in  the 
observations. 

The  galvanometer  was  adjusted  in  the  plane  of  the  magnetic 
meridian,  by  changing  its  position  until  a  current  passing  in  one 
direction  could  produce  a  deflection  of  the  needle,  exactly  equal 
in  extent  to  the  deflection  on  the  other  side  of  the  meridian 
occasioned  by  a  current  of  the  same  intensity,  but  passing  in  the 
opposite  direction.  After  the  galvanometer  had  been  thus  adjusted 
with  veiy  great  care  to  the  magnetic  meridian,  it  was  found  that  the 
glass  pointer  stood  30'  from  zero.  This  eiTor  arose  fi-om  the  diffi- 
culty of  cementing  the  pointer  to  the  needle  so  as  to  be  exactly 
in  the  same  plane  mth  the  magnetic  axis  of  the  latter;  but  it  did 
not  give  rise  to  any  serious  inconvenience,  as  it  only  made  it 
necessaiy  to  affect  the  obseiTed  deflections  with  an  increase  or 
diminution  of  30',  according  to  the  direction  of  the  current.  I 
may  mention  in  this  place,  that  in  every  observation  the  position 
of  both  ends  of  the  pointer  was  noted. 

Since  the  force  of  torsion  of  the  filament  of  silk  is  so  trifling 
that  sLx  complete  twists  of  it  only  produce  a  deflection  of  the 
magnetic  needle  amounting  to  12',  and  since  the  length  of  the 
magnetic  needle  is  only  ^^^th  of  the  diameter  of  the  coil,  it  could 
hardly  be  doubted  that  the  tangents  of  the  angles  of  deflection 
represent  pretty  accurately  the  intensity  of  the  transmitted  elec- 
tricity. I  have  nevertheless  made  experiments  in  order  to  prove 
my  galvanometer.  Sixteen  large  cells  of  Danieirs  pile  having 
been  arranged  in  a  series  of  four,  the  deflection  of  the  needle 
under  this  voltaic  force  was  ascertained  for  both  sides  of  the  me- 
ridian. The  mean  of  the  deflections  produced  by  each  separate 
cell  was  also  noted.  It  is  e\ddent  that  the  resistance  of  sixteen 
cells  in  a  series  of  four  is  equal  to  that  of  a  single  cell;  conse- 
quently the  deflections  produced  by  the  above  arrangements. 
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ought  to  indicate  currents  whose  ratio  is  as  4  to  1 .  Experiments 
of  this  kind  having  been  repeated,  \vith  proper  precautions  against 
any  alteration  in  the  intensity  of  the  batteiy  cells,  it  was  found 
that  ^^^jdth  had  to  be  added  to  the  tangent  at  a  deflection  of  55°, 
iloth  at  82°,  &c. 

My  thermometers  were  constructed  by  a  method  very  similar 
to  that  employed  by  Rcgnault  and  Pierre*.  The  calibre  of  the 
tube  was  first  measured  in  every  part  by  passing  a  short  column 
of  mercury  along  it.  The  surface  of  the  glass  having  then  been 
covered  with  a  thin  tilin  of  bees-wax,  the  portions  of  tube  pre- 
viously measured  were  divided  into  an  equal  number  of  parts  by 
a  machine  constructed  for  the  purpose.  The  divisions  were  then 
etched  by  means  of  the  vapour  of  fluoric  acid.  Two  thermome- 
ters were  employed  in  the  present  research,  in  one  of  which  the 
value  of  each  space  was  y^,  in  the  other  ^^  of  a  degree  Centi- 
grade. A  practised  eye  can  easily  estimate  the  tenth  part  of  each 
of  these  spaces ;  consequently  I  could  by  these  thermometers 
observe  a  difi'erence  of  temperature  not  greater  than  0°-005. 

The  voltaic  pile  that  I  made  use  of  was  one  of  veiy  large  di- 
mensions, each  cell  being  3  feet  high  and  5  inches  in  diameter. 
The  internal  arrangements  of  the  cells  were  similar  to  those  of 
the  ordinary  pile  of  Daniell. 

5.  I  shall  now  proceed  to  describe  my  experiments  on  the  heat 
evolved  by  currents  traversing  metallic  wires.  The  apparatus 
used  consisted  of  a  wire  of  pure  silver,  8  metres  long  and  about 
0"6  of  a  millimetre  in  thickness,  coiled  upon  a  thin  chimney- 
glass,  the  several  coils  being  prevented  from  touching  one  an- 
other by  means  of  silken  threads.  The  ends  of  the  silver  wire 
were  connected  metallically  with  two  thick  copper  wires,  the  ends 
of  which  dipped  into  cups  of  mercur5\  The  coil,  thus  mormted, 
was  immersed  in  a  jar  of  tinned  iron,  capable  of  containing  two 
pounds  and  a  half  of  water.  In  order  to  prevent,  as  well  as  pos- 
sible, the  influence  of  the  surrounding  atmosphere  in  raising  or 
depressing  the  temperature  of  the  water,  the  sides  and  bottom  of 
this  jar  were  made  hollow  by  soldering  two  jars  of  unequal  mag- 
nitude within  each  other.  Fig.  4  represents  a  section  of  this 
double  can,  aa  being  the  hollow  part  between  the  internal  and 
external  cans.  The  positions  of  the  coil,  thermometer  and  stirrer, 
are  also  shown  in  the  same  figure. 

At  7  o'clock  A.M.,  Sept.  4,  1844t,  having  filled  the  jar  with 
2i  lbs.  of  distilled  water,  I  immersed  the  coil  of  silver  wire  into 

*  Annales  de  Ckimie  et  de  Physique,  1842,  vol.  v.  p.  428,  note. 

t  My  object  iu  being  so  particular  as  to  the  dates  of  the  experiments, 
was  to  eliminate  the  elFects  of  any  variation  in  the  intensity  of  the  earth's 
magnetism.  In  the  subsequent  series  of  experiments  I  have  not  always 
thought  it  necessary  to  mention  these  dates,  but  I  have  nevertheless  used 
the  same  precaution  in  all  of  them. 
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it,  and  caused  it  to  form  part  of  a  circuit  iu  whicli  a  pile  consist- 
ing of  sixteen  of  the  large  Daniell's  cells  in  series  and  the  gal- 
vanometer were  placed.  The  circuit  remained  closed  for  exactly 
five  minuteSj  during  which  time  the  deflections  of  both  ends  of 
the  pointer  of  the  galvanometer  were  observed  three  times.  The 
mean  of  all  the  observations,  no  two  of  which  difl"ered  from  each 
other  more  than  a  few  minutes  of  a  degree,  when  properly  cor- 
rected for  the  error  in  the  position  of  the  pointer,  was  72°  17'. 
The  increase  of  the  temperatm-e  of  the  water,  ascertained  ^ith 
all  proper  precautions  in  stirring,  &c.,  was  indicated  by  81-8 
divisions  of  the  scale  of  the  thermometer,  each  division  corre- 
sponding to  T^th  of  a  degree  Cent.  The  temperature  of  the 
room  was  2°"07  Cent,  lower  than  the  mean  temperature  of  the 
water. 

As  soon  as  the  experiment  just  described  was  finished,  another 
was  performed  in  exactly  the  same  manner ;  only  the  direction 
of  the  current  was  reversed,  in  order  that  the  deflections  might 
be  obsen'cd  on  the  other  side  of  the  meridian. 

At  7  o^clock  P.M.  of  the  same  day,  two  experiments  were  again 
made  in  the  manner  above  described ;  but  in  these  the  quantity 
of  electricity  passed  through  the  silver  wire  was  only  about  half 
as  much  as  before ;  five  cells  of  the  pile  being  now  employed, 
instead  of  sixteen  as  before. 

On  the  morning  of  September  5,  two  experiments  of  the  same 
kind  were  made  with  a  pile  consisting  of  two  cells  in  series ; 
and  on  the  evening  of  the  same  day,  two  experiments  were  made 
using  only  one  of  the  constant  cells. 

On  the  two  succeeding  days  all  the  above  experiments  were 
gone  over  again  in  the  reverse  order,  beginning  with  one  cell 
and  ending  with  sixteen.  In  this  way  I  sought  to  get  rid  of  the 
mischievous  eff"ects  of  any  change  in  the  intensity  of  the  eartVs 
magnetism  during  the  experiments. 

The  table  of  these  results  which  I  subjoin  will  easdy  be  un- 
derstood by  means  of  the  headings  of  the  columns ;  and  the  only 
thing,  therefore,  which  it  ^^-ill  be  necessary  for  me  to  say  in  ex- 
planation of  it  is,  that  the  last  column  contains  the  results  of 
observation  con-ected  for  the  cooling  or  heating  effect  of  the  sur- 
rounding air.  The  amount  of  this  correction  was  estimated  by 
simple  and  decisive  experiments,  and  was  in  no  one  instance 
found  to  exceed  one-tenth  of  the  quantity  of  heat  evolved,  even 
in  the  experiments  with  one  cell,  iu  which  the  heat  evolved  was 
least. 
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Table  I. 


Date  of  the 
experiments. 


Sept.  4,  7  a.m. 
Sept.  4,  7.V  a.m. 
Sept.  7,  7  p.m. 
Sept.  7,  7A  p.m. 


Sept.  4,  7  p.m. 
Sept.  4,  7i  p.m. 
Sept.  7;  7  a.m. 
Sept.  7,  7h  a.m. 


Sept.  5,  7  a.m. 
Sept.  5,  7i  a.m, 
Sept.  6,  7  p.m. 
Sept.  6,  7Jp-in. 


Sept.  5,  7  p.m. 
Sept.  5,  7a  p.m. 
Sept.  6,  7  a.m. 
Sept.  6,  7i  a.m. 


Number 

of  cells 

in  the 

pile. 


16 
16 
16 
16 


1 


Deflections  of  the 
needle  of  the  gal- 
vanometer. 


mean 


72  46 


61     8  J 
61  26 
60  19 
60  28 


•GO  50^ 


40  41 


25  57 
25  50^ 
24  40i 
24  18 


25  lU 


Corrected 

tangents  of 

the  mean 

deflections. 


Square  of  the  cor- 
rected tangents    Heat  evolved  in 

reduced  to  facili-  3'  in  divisions  of 
tate  comparison  the  thermometer, 
with  column  6. 


3-2428 


1-8015 


0-8634 


0-4721 


87-24 


26-92 


6-18 


1-85 


81-941 

--jr.". 

89-90  J 


27-08- 
27-98 
25-39 
25-79 


•  26-56 


603 


1-71 


In  order  to  carry  on  the  experiments  with  electric  currents  of 
feebler  tension,  I  now  introduced  into  the  circuit  an  electrolytic 
cell,  consisting  of  two  plates  of  zinc  immersed  in  a  solution  of 
sulphate  of  zinc.  The  results  thus  obtained  are  arranged  in  the 
following  table.  In  order  to  collect  an  appreciable  quantity  of 
heat,  the  experiments  were  carried  on  for  an  hour  with  the  lower 
intensities,  and  for  half  an  hour  with  the  highest  intensity  of 
current ;  I  have,  however,  reduced  all  the  results  to  five  minutes, 
in  order  that  they  might  be  more  readily  compared  with  those 
of  Table  I.  Each  of  the  results  given  in  Table  II.  is  the  mean 
of  four  experiments  tried  at  different  times,  according  to  the 
principles  which  guided  me  in  the  former  experiments. 

Table  II. 


Number 

of  cells 

in  the 

pile. 

Quantity  of  zinc 
deposited  on  the 
negative  elec- 
trode per  5  mi- 
nutes in  milli- 
grammes. 

Deflections  of  the 
needle  of  the 
galvanometer. 

Corrected  tan- 
gents of  the 
deflections. 

Squares  of  the 
corrected  tan- 
gents reduced  to 
facilitate  compa- 
rison with 
column  6. 

Heat  evolved 

per  5  minutes  in 
divisions  of  the 
thermometer. 

4 
2 
1 

143 

82 
44 

19  22 
11  14i 

6    2^ 

0-3527 
0-1991 
0-1059 

1-03 
0-33 
0-09 

0-96 
0-29 
0-09 

1 

2 

3 

4 

5 

6 
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By  comparing  the  last  two  columns  of  the  foregoing  table 
with  each  other,  we  see  that  thi-oughout  a  veiy  extensive  range 
of  electric  intensities  the  heat  evolved  in  a  given  time  remains 
proportional  to  the  square  of  the  quantity  of  transmitted  elec- 
tricity. 

6.  Ha^'ing  thus  succeeded  in  giving  another  proof  of  the  law 
of  voltaic  heat  as  far  as  regards  a  change  in  the  intensity  of  the 
current,  we  may  now  proceed  to  consider  the  effects  produced 
by  a  change  in  the  resistance  of  the  ^^ire.  It  will  not  be  neces- 
sary for  me  to  enter  very  largely  upon  this  part  of  the  subject, 
inasmuch  as  it  has  long  been  admitted  by  philosophers  that  the 
heat  evolved  by  a  cm-rent  of  given  intensity  is  proportional  to 
the  resistance  of  the  wire.  I  will,  however,  give  one  series  of 
experiments,  in  which  I  have  compared  a  wire  of  mercury  with 
the  coil  of  silver  ^vil'e  used  in  the  previous  experiments.  The 
comparison  of  a  fluid  with  a  solid  metal  was,  I  thought,  emi- 
nently calculated  to  test  the  accm'acy  of  the  law. 

A  glass  tube,  157  centimetres  long  and  about  2 '3  millimetres 
in  internal  diameter,  was  fashioned  into  a  spiral,  as  represented 
in  flg.  5.  The  tube  was  filled  with  mercury  as  high  as  the 
bulbs  aa.  Connexion  could  be  established  between  the  pile  and 
the  spiral  by  means  of  the  copper  wii-es  bb,  which  dipped  as  far 
as  the  centre  of  the  bulbs  aa. 

The  coil  of  mercury,  thus  prepared,  was  immersed  in  2  lbs. 
11  oz.  of  water  contained  in  a  double -cased  can,  similar  to  the 
one  I  have  already  described,  and  a  cuii'ent  from  a  pile  of  five 
cells  was  transmitted  through  it  for  ten  minutes.  The  heat 
evolved,  the  temperatiu-e  of  the  room,  and  the  deflections  of  the 
galvanometer  dm'ing  the  experiment,  were  carefully  noted.  Eight 
of  these  experiments  were  made,  in  four  of  which  the  deflections 
were  on  one  side,  and,  in  the  other  foui-,  on  the  other  side  of  the 
meridian. 

Four  experiments  were  made  in  a  similar  way  ^\ith  the  coil  of 
silver  ^ire.  In  order  to  avoid  the  effects  of  any  change  in  the 
intensity  of  the  earth^s  magnetism,  these  four  experiments  were 
alternated  vrith  those  made  with  the  mercuiy  coil.  The  thermo- 
meter used  in  all  the  experiments  was  one  of  great  accuracy  • 
and  each  division  of  its  scale  corresponded  to  ^^  of  a  degree  of 
the  Centigrade  rcale. 
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Tabic  III. 


Deflections  of 
the  galvano- 
meter. 

Corrected  tan- 
eents  of  the 
deflections. 

Squares  of  the 
corrected  tan- 
gents. 

ii-»i  •-^i.-.j     Difl'ercnce  be- 
L/  •  ^-    '  t^'^en  the  mean 

&"!"  I.°ff1l;i   temperature  of 
♦w~tPr     tbe  water  and  of 
thermometer.         ^^^  ^^^ 

Experiments  with                                        ' 
the  coil  of  silver      Experiments  with  the 
wire.                     mercury  spiral. 

00  24 
60  56 

57  20J 

58  17 

58  30i 

59  48 
57  11 
56  30 

1-7696 
1-8080 
1-5083 
1-0200 
1-0409 
1-7271 
1-5584 
1-5184 

3-1315 
3-2710 
2-4590 
2-6458 
2-0920 
2-9829 
2-4286 
2-3055 

45-5             0-61  C.+ 
45-0        i     1-97      + 
34-8        1     0-80      -t- 
38-4        i     0-80      + 
40-1             0-87      - 
43-8        ;     0-84      - 
35-2             111      - 
34-7        ;     0-84      - 

Mean 

2-7397 

39-69           005      -f 

55  54^ 

56  19i 
54  38 
54  52 

1-4847 
1-5083 
1-4159 
1-4282 

2-2043 
2-2750 
20048 
2-0398 

42-6        j     0  04      - 
44-2        '     0-75      + 
39-4        !     0-40      - 
39-5        j     0-19      - 

Mean 

2-1310 

41-425         0-03      + 

The  resistance  of  the  mercuiy  wire  in  comparison  with  that  of 
the  silver  wire,  was  found  by  ascertaining  the  intensity  of  the 
current  produced  by  a  pile  of  five  cells  : — 1st,  when  the  pile  was 
in  direct  communication  with  the  galvanometer ;  2nd,  when  the 
resistance  of  the  circuit  was  increased  by  the  addition  to  it  of  the 
coil  of  silver  -svire ;  and  3rd,  when  the  mercury  \A-ire  was  substi- 
tuted in  the  circuit  for  the  silver  wire.  Calling  the  intensity  of 
the  current  in  the  first  instance  A,  and  the  resistance  y ;  in  the 
second  instance  B,  and  the  resistance  1+y;  and  in  the  third 
instance  C,  and  the  resistance  x  +  j/,  we  have,  by  the  laws  of  Ohm 
and  Pouillet, 

_B(A-C) 

^~C(A-B)* 

The  obsei-vations  from  which  I  have  deduced  the  constant 
quantities  of  the  above  formula  are  arranged  in  the  following 
table.  In  these  experiments  the  precaution  was  taken  that  the 
temperature  of  the  water  in  which  the  coils  of  mercury  and  silver 
were  immersed  should  be  as  nearly  as  possible  the  same  as  in 
the  experiments  of  Table  III.,  in  order  to  obviate  the  possibility 
of  an  alteration  of  the  resistance  arising  from  an  alteration  of 
the  temperature  of  the  metals.  I  may  mention  also,  that  each 
of  the  recorded  deflections  is  the  mean  of  two  observations,  one 
on  one  side,  and  the  other  (by  reversing  the  direction  of  the  cur- 
rent) on  the  other  side  of  the  magnetic  meridian.  The  efl"ect  of 
any  change  in  the  intensity  of  the  pile  during  any  of  the  expe- 
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riments  was  carefully  guarded  against  by  a  repetition  of  each 
experiment  in  the  reverse  order ;  i.  e.  beginning  with  current  C 
and  ending  with  current  A,  and  then  taking  the  mean  of  the 
two  sets  of  observations. 

Table  IV. 


No.  of 
experi- 
ment. 

Deflection 
with  resist- 
ance 

Corrected 

tangent  of 

deflection 

or  A. 

Deflection 
with  resist- 
ance 

Corrected 

tangent  of 

deflection 

orB. 

Deflection     Corrected 
with  resist-  tangent  of 
ance          deflection 
x+!/.           or  C. 

Resistance  of 
mercury  spiral 
orB;A-C) 
C,A-B) 

1 
2 
3 
4 
5 

73  48 

71  10 

72  23 

75  24 

76  11 

3-4635 
2-9492 
31753 
3-8630 
4-0916 

57  10 

55  2 

56  21 

58  37 
58  47 

1-5574 
1-4370 

1-5098 
1-6475 
1-6583 

60  56        1-8085 

58  39        1-6501 

59  oU      1-7346 
62  25"       1-9242 
62  42        1-9477 

0-74771 
0-74814 
0-75292 
0-74927 
0-75015 

Mean 074964 

- 

On  multiplying  0*74964  by  2*7397,  the  square  of  the  inten- 
sity of  the  ciu'rent  to  which  the  mercuiy  wire  was  exposed  (see 
Table  III.),  we  obtain  2"0538,  a  quantity  which  ought  to  be 
proportional  to  the  heat  evolved,  if  oui'  law  be  correct.  From 
Table  III.  we  see  also,  that,  in  the  case  of  the  silver  wire,  the 
square  of  the  current  multiplied  by  its  resistance  (which  we  called 
unity)  is  2"  131,  while  the  heat  evolved  was  41'425.  Hence  we 
have  for  the  heat  which  ought  to  have  been  evolved  by  the  mer- 
cury sphal, 

|5|?5x  41  •425  =  39-924. 

Referring  agaia  to  Table  III.,  we  find  that  the  heat  actually 
evolved  was  39"69.  The  difference  between  this  number  and 
the  result  of  theoiy,  trifling  as  it  is,  is  almost  entirely  accounted 
for  by  the  circumstance,  that  the  capacity  for  heat  of  the  mercury 
sphal  exceeded  that  of  the  coil  of  silver  wire  by  a  quantity  equal 
to  the  capacity  of  5 "64  grms.  of  water.  Hence  we  must  apply  a 
coiTcction  of  2^ J  to  the  observations  with  the  mercurial  appa- 
ratus. This  brings  the  heat  actually  evolved  up  to  39*868,  a 
quantity  differing  from  39' 924,  the  theoretical  result,  only  by 
0'056  of  a  division  of  the  thermometer,  or  0°"0024  of  a  degree 
Centigrade. 

7.  Hanng  thus  given  fresh  proofs  of  the  accuracy  of  the  law 
of  the  evolution  of  heat  by  voltaic  electricity,  we  may  now  pro- 
ceed to  apply  it  in  order  to  determine  the  quantity  of  heat  evolved 
in  chemical  combinations.  The  following  is  an  outline  of  my 
process: — I  take  a  glass  vessel  filled  with  the  solution  of  an  elec- 
trolyte, and  properly  fm-nished  with  electrodes.  I  place  this 
electrolytic  cell  in  the  voltaic  circuit  for  a  given  length  of  time, 
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and  carefully  obsene  the  quantity  of  decomposition  and  the  heat 
evolved.  By  tlie  law  of  Obni  I  then  ascertain  the  resistance  of 
a  wire  ca})able  of  obstructing  the  current  equally  with  the  elec- 
trolytic cell.  Then,  by  the  law  we  have  proved,  I  determine  the 
quantity  of  heat  which  would  have  been  evolved  had  a  wire  of 
such  resistance  been  placed  in  the  circuit  instead  of  the  electro- 
lytic cell :  this  theoretical  quantity,  being  compared  ^^^th  the 
heat  actually  evolved  in  tlie  electrolytic  cell,  is  always  found  to 
exceed  the  latter  considerably.  The  difference  between  the  two 
results  evidently  gives  the  quantity  of  heat  absorbed  dm'ing  the 
electrolysis^  and  is  therefore  equivalent  to  the  heat  which  is  due 
to  the  reverse  chemical  combination  by  combustion  or  other 
means. 

Having  thus  given  a  short  outline  of  the  process,  I  shall  at 
once  proceed  to  describe  the  experiments  in  detail. 

1st.  Heat  evolved  by  the  Combustion  of  Copper. 

I  took  a  glass  jar,  fig.  6,  filled  with  3  lbs.  of  a  solution  con- 
sisting of  24  parts  of  water,  7  parts  of  crystallized  sulphate  of 
copper,  and  1  part  of  strong  sulphuric  acid.  In  this  solution, 
two  plates,  one  of  platinum,  the  other  of  copper,  were  immersed, 
each  being  connected  by  means  of  a  proper  clamp  with  a  thick 
copper  wii-e  passing  through  a  cork  in  the  mouth  of  the  vessel, 
and  terminating  in  a  mereuiy  cup  a.  A  A'cry  delicate  thermo- 
meter, each  of  whose  divisions  was  equal  to  ^^  of  a  degree  Cent., 
was  also  fixed  in  the  cork  so  as  to  have  its  bulb  nearly  in  the 
centre  of  the  liquid.     Lastly,  a  glass  stirrer  b  was  introduced. 

The  experiments  were  conducted  in  the  follo-nng  manner : — A 
pile  consisting  of  four  large  cells  of  Daniell  {a,  fig.  7)  was  con- 
nected \A'ith  the  galvanometer  b  by  means  of  two  thick  copper 
wires,  one  of  which  was  continuous,  while  the  other  was  dinded 
at  the  mercmy  cups  cc.  The  connexion  Ijetween  these  merciuy 
cups  was  first  established  by  means  of  a  short  thick  copper  wire, 
and  the  defiection  of  the  needle  noted.  The  qiiantity  of  cui'rent 
indicated  by  this  deflection  I  shall  call  A.  The  thick  copper 
wire  was  now  removed  from  the  cups  at  cc,  and  the  standard 
coil  of  silver  wire  (immersed  in  water  to  keep  it  cool)  was  put 
there  instead,  and  the  deflection  again  noted.  The  current  ob- 
served in  this  second  instance  I  shall  call  B.  The  coil  of  silver 
wire  was  now  removed,  and  the  electrolytic  cell  above  described 
being  put  in  its  stead,  electrolysis  was  carried  on  for  exactly  \Q/ 
of  time,  duiing  which  the  deflections  of  the  needle  were  noted  at 
equal  intervals  of  time.  The  current  indicated  by  the  mean  of 
these  observations  I  shall  call  C.  Currents  B  and  A  were  then 
again  observed  in  the  reverse  order ;  and  the  mean  of  these  and 
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the  former  observations  taken,  so  as  to  obviate  the  effects  of  any 
change  that  might  be  occm-ring  in  the  intensity  of  the  pile. 

The  temperature  of  the  sohition  was  observed,  with  the  usual 
precautions,  immediately  before  and  after  the  electrolysis  was 
carried  on.  The  amount  of  electrolysis  was  obtained  by  weigh- 
ing the  negative  copper  electrode  before  and  after  each  expe- 
riment. 

Putting  cV  for  the  resistance  of  a  metallic  wire  capable  of  retard- 
ing the  passage  of  the  current  equally  with  the  electrolytic  cell, 
and  calling  the  resistance  of  the  coil  of  silver  wire  unity,  we  have, 
as  in  the  case  of  the  coil  of  mercury, 

_(A-C)B_ 


this  value,  multiphed  by  C^,  gives 


(A-B)C^ 

- — 7 — 4i —  for  the  calorific 
A— B 

effect  of  the  cm-rent  C  passing  along  a  wire  whose  resistance  =x. 
The  calorific  effects  of  the  standard  coil  of  silver  wire  were 
ascertained  by  experiments  made  on  the  day  before,  and  on  the 
day  after  the  experiments  on  electrolysis  were  performed.  In 
this  way  I  sought,  as  before,  to  avoid  the  injurious  influence  of 
a  change,  either  in  the  intensity  of  the  earth^s  magnetism,  or  in 
the  resistance  of  the  standard  coil.  The  standard  coil  was  im- 
mersed in  a  light  tin  can  containing  2  lbs.  12  oz.  of  distilled 
water.  The  thermometer  employed  was  that  used  in  the  experi- 
ments of  electrolysis. 

Table  V. — Experiments  on  the  Electrolysis  of  the  Solution  of 
Sulphate  of  Copper,  with  a  pile  of  4  Daniell's  cells. 


Current  A. 

Current  B. 

Current  0. 

Difference  be- 
tween the  mean 

temperature  of 
the  solution  and 
that  of  the  room. 

■*^~'^xBC. 
A-B 

c  o  53 

ill 

l|i 

■g  a  ja 
K2| 

Copper  deposited 

on  the  negative 

electrode  in 

grammes. 

ll 

13 

■a 
11 

0-2 

a 
•a 

u  to 

Si 

T3     . 

II 

5B 

73  31 

74  59 

75  22 
75  12 

3-4006 
3-7510 

3-8538 
3-8084 

53  52 

54  40 
54  45 
54  47 

1-3764 
1-4176 
1-4220 
1-4237 

35  55  i 
3G  53 

37  18 

38  26 

0-7275 
0-7535 
0-7650 
0-7968 

1-24  C- 
0-43      - 
0-23      - 
1-78      -f 

1-3223 
1-3722 
1-3817 
1-4326 

20-4 
19-4 
19-45 
17-4 

0-5686 
0-5777 
0-5881 
0-6153 

Mean  

003      - 

1-3772 

19162 

0-5874 

*Corrected  for  difference  0°-03  — 

19113 

*  The  corrections  I  have  appHed  to  the  quantities  of  heat  evolved  were 
derived  from  experiments  on  the  cooling  of  the  liquids  reduced  by  the  law 
of  Leshe  to  the  chiference  between  the  mean  temperature  of  the  Uquids  and 
that  of  the  room.  The  signs  +  or  —  signify  that  the  temperature  of  the 
liquid  is  greater  or  less  than  that  of  the  room. 
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Table  VI. — Experiments  on  the  Heat  evolved  by  the  Standard 
Coil.     Pile  of  4  cells. 


Mean  deflec- 
tion of  the 
needle  of  the 
galvanometer. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 
the  water  and 
that  of  the  room. 

1 

Square  of  the  .«=?^^'=^■°}^«.'^ 

corrected  tan-;".'0'°'^'^'- 

trent.          ,"°°''  °^  '^"^ 
°                thermometer. 

51     7 
51  18 

53  38 

54  47 

1-2462 
1-2544 
1-3648 
1-4239 

1  08  C.  - 
003      + 
0-19      -f 
0-90     -f 

1-5530           30-0 
1-5735            31-0 
1-8627            37-1 
20275            36-9 

Mean  0-01      -f- 

1-7542 

33-75 

Corrected  for  the  difference  0°-01  + 

33-76 

In  order  to  compare  the  results  of  the  above  tables,  it  now 
became  necessary  to  ascertain  the  capacity  for  heat  of  the  jars  of 
liquid  employed  in  the  experiments.  This  was  done  in  one  or 
two  instances  by  the  method  of  mixtures.  The  jar  along  with 
its  contents  was  heated  to  a  certain  point,  and  then  having  been 
immersed  in  a  large  can  of  cold  water,  the  capacity  was  deter- 
mined by  the  decrease  of  temperature  in  the  former  and  the  in- 
crease in  the  latter.  I  felt,  however,  that  this  plan  was  on  several 
accounts  incapable  of  giving  results  of  extreme  accuracy,  and 
had  therefore  recourse  to  a  method  founded  upon  the  law  of  the 
development  of  heat  by  electricity.  The  spiral  glass  tube  (fig.  5), 
filled  with  mercury,  was  immersed  up  to  the  bulbs  aa  in  the  jar 
whose  capacity  for  heat  was  to  be  determined.  A  current  of 
electricity  was  then  passed  through  the  mercury  for  a  given 
time,  and  the  heat  thereby  evolved  was  observed  with  the  usual 
precautions.  The  capacity  of  the  jar  and  its  contents  was  of 
course  directly  proportional  to  the  square  of  the  intensity  of  the 
current,  and  inversely  to  the  increase  of  temperature. 

Table  VII. — Experiments  on  the  Heat  evolved  by  the  IMercury 
Spiral  in  the  jar  of  Solution  of  Copper  used  in  the  experiments 
of  Table  V.     Pile  of  4  cells. 


Mean  deflec- 
tion of  the 
galvanometer. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 
the  solution  and 
that  of  the  room. 

Square  of  the 
corrected  tan- 
gent. 

Heat  evolved 
in  10'  in  divi- 
sions of  the 
thermometer. 

57  34 

58  lOi- 

58  17 

59  0 

1-5815 
1-6193 
1-6261 
1-6725 

0-05  C.  + 
1-59       + 
1-23       - 
0-37       - 

2-5011 
2-6221 
2-6442 
2-7973 

39-1 
37-0 
43-4 
41-3 

Mean 

001       + 

2-6412 

40-2 

Corrected  for  difference  0°-01-|- 

40-216 

Corrected  for  capacit 

40-622 
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Table  VIII. — Experiments  on  the  Heat  evolved  by  tlie  Mercuiy 
Spiral  in  the  can  of  water  used  in  the  experiments  of  Table  YI. 
Pile  of  4  cells.     2  lbs.  II  oz.  of  water  in  the  can. 


Mean  deflec- 
tion of  the 
galvanometer. 

DifiFerence  be- 

Corrected       '^^«°  ^^^  ™^^ 
tangent.        temperature  of 
the  water  and 
that  of  the  room. 

! 

c  „o,„    e  tu    '  Heat  evolved 

1 

57  26 

57  27 
59  11} 

58  27 

1-5734 
1-5744 
1-6853 
1-6367 

116  C.  -         2-4756      :     35-6 
0-25      +        2-4787           366 
101       -         2-8402           40-3 
1-85       +        2-6788     1     38-2 

i                    i 

Mean 

0-02       -    1    2-6183     ;     37-675 

i                    1 

Corrected  for  difference   0°-02-j     37-65 

1 

Corrected  for  capacity  36-99 

Besides  the  correction  on  account  of  the  difference  between 
the  mean  temperature  of  the  liquid  and  that  of  the  room  in  which 
the  experiments  were  made^  it  was  necessary  to  supply  the  second 
correction  given  in  the  above  tables,  on  account  of  the  capacity 
for  heat  of  the  jars  being  necessarily  somewhat  different  from 
what  it  was  in  the  experiments  of  Tables  V.  and  YI.  In  Table  YI. 
the  can  contained  2  lbs.  12  oz.  of  water,  and  the  coil  of  silver 
wire;  whereas  it  contained  2  lbs.  11  oz.  and  the  coil  of  mercmy 
in  Table  YIII.  Again,  in  the  experiments  of  Table  Y.  there 
were  3  lbs.  of  solution  of  copper  along  with  the  platinum  and 
copper  electrodes ;  whereas  in  those  of  Table  YII.  the  mercury  coil 
was  substituted  for  the  electrodes,  whilst  the  weight  of  the  solu- 
tion was  two  grammes  less  than  before.  It  would  be  tedious 
and  unnecessary  to  give  in  detail  the  various  reductions  de- 
manded by  these  circumstances ;  suffice  it  to  say,  that  the  cal- 
culations were  founded  upon  the  best  tables  of  specific  heat,  and 
were  made  with  the  most  scrupulous  care. 

The  tin  can  containing  (as  in  the  experiments  of  Table  YI.) 
the  coil  of  silver  wire  and  2  lbs.  12  oz.  of  water,  was  found  by 
careful  calculations  to  be  equivalent  in  its  capacity  for  heat  to 
1283"7  grms.  of  water;  consequently  fi'om  Tables  YII.  and 
YIII.  we  obtain  for  the  capacity  of  the  jar  of  solution  used  in 
the  experiments  of  Table  Y., 


2-6412       36-99 


2-6183      40-622 


X  1283-7  =  1179-2. 


Referring  now  to  Tables  Y.  and  YI.,  and  remembering  that 
Phil.  Mag.  S.  4,  No.  21 .  Sujjpl  Yol.  3.  2  K 
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23*38  diusions  of  the  scale  of  the  thermometer  employed  are 
equal  to  one  degree  of  the  Centigrade  scale,  we  obtain  for  the 

A— C 

quantity  of  heat  due  to  -7 — 5  x  BC, 

The  quantity  of  heat  actually  evolved  vnW  be 
^^|xll79'2=963°-99. 

Subtractins;  the  latter  from  the  former  result,  we  obtain  491°"3 
as  the  quantity  of  heat  absorbed  in  the  electrolysis  of  a  quantity 
of  sulphate  of  copper  corresponding  to  0*5874  of  a  gramme  of 
copper.  The  quantity  of  heat  absorbed  per  gramme  of  copper 
deposited  will  therefore  be  836°*4. 

Two  other  series  of  experiments  conducted  in  precisely  the 
same  manner,  excepting  that  in  the  former  of  the  two  the  spe- 
cific heat  of  the  solution  was  obtained  by  the  method  of  mixtm-es, 
gave,  for  the  absorption  of  heat  per  gramme  of  copper  deposited, 
respectively  856°  and  796°"5.  The  mean  of  the  three  results 
is  829°-6. 

The  above  quantity  of  heat  is  that  absorbed  in  separating  the 
copper  and  oxygen  gas  from  a  solution  of  sulphate  of  oxide  of 
copper.  It  is  therefore  necessary  to  subtract  the  absorjjtion  due 
to  the  transfer  of  the  sulphuric  acid  from  the  oxide  of  copper  to 
water,  in  order  to  obtain  the  heat  absorbed  in  the  decomposition 
of  oxide  of  copper  into  metal  and  oxygen  gas.  For  this  purpose, 
8  grammes  of  oxide  of  copper,  prepared  by  adding  potash  to  a 
solution  of  the  sulphate  of  copper,  and  then  carefully  washing 
and  igniting  the  precipitate,  were  thrown  into  an  acidulated 
solution  of  copper  similar  to  that  used  in  the  above  experiments, 
the  capacity  for  heat  of  which  had  been  previously  ascertained. 
The  mean  of  four  experiments,  tried  in  this  way  with  every  pos- 
sible precaution,  gave  236°  as  the  heat  due  to  the  solution  of 
1*252  gramme,  the  quantity  of  oxide  corresponding  to  a  gramme 
of  copper. 

829°-6-236°=593°-6  =  the  quantity  of  heat  absorbed  iu 
the  decomposition  of  oxide  of  copper  into  copper  and  oxygen 
gas,  and  which  ought  therefore  to  be  the  quantity  of  heat  evolved 
by  the  combustion  of  a  gramme  of  copper. 

Combustion  of  Zinc. 

My  experiments  on  this  metal  were  similar  to  those  on  copper ; 
they  will  not  therefore  require  a  veiy  detailed  description.     The 
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solution  employed  was  one  consisting  of  3  parts  of  crystallized 
sulphate  of  zinc  and  8  parts  of  water,  weighing  3  lbs.  2  oz.  The 
electrodes  were  plates  of  platinum  and  zinc,  each  plate  exposing 
an  active  surface  of  about  8  square  inches.  At  the  conclusion  of 
each  experiment,  oxide  of  zinc  was  thrown  into  the  solution  to 
replace  that  removed  by  electrolysis,  in  order  to  prevent  the  zinc 
electrode  from  being  acted  upon  by  free  acid. 


Table  IX. — Experiments  on  the  Heat  evolved  by  the  Electrolysis 
of  Sulphate  of  Zinc.     Pile  of  7  cells. 


Current  A, 

Current  B.     1      Current  C. 

Difference  be- 
tween the  mean 

temperature  of 
the  solution  and 
that  of  the  room. 

^~^xBC. 
A-B 

■  ■<«  . 

fl   o  *< 

g.s  a 

B32^ 

Zinc  deposited 

on  the  negative 

electrode  in 

grammes. 

•a 

li 

S  to 

4 

-3 

Is 

al 

d 

Sic 

74  lOi 

75  55i 
75  18 
75  32i 

3-5500 
4-0133 
3-8356 
3-9025 

61  46 
63    9 

62  30 
62  47 

1-8722 
1-9858 
1-9311 
1-9546 

35  si 

35  14 
37     H 

36  56 

0-7167 
0-7092 
0-7573 
0-7548 

0-83  C.  - 
0-35      + 
0-40      - 
0-84      + 

2-2659 
2-2951 
2-3638 
2-3841 

32-2 
300 
31-3 
305 

0-5797 
0-5647 
0-6010 
0-5991 

Mean 

001      - 

2-3272 

31-0 

0-5861 

Corrected  for  diflference  0°-01  — 

30-984 

Table  X. — Experiments  on  the  Heat  evolved  by  the  Standard 
Silver  Coil.     Pile  of  5  cells. 


Mean 
deflection. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 
the  water  and 
that  of  the  room. 

„             r .,       Heat  evolved 

Square  of  the  i^  iq/ in  divi- 

corrected        .iousofthe 

tangent.      thermometer. 

53  58i 
53  48 

56  26i 

57  4i 

1-3820 
1-3731 
1-5150 
1-5520 

115  C- 
0-25      + 
0-44      - 
1-24      4- 

1-9099 
1-8854 
2-2952 
2-4087 

36-3 
37-0 
45-9 
44-4 

Mean 

0-025    - 

2-1248 

40-9 

Corrected  for  difference  0°-025- 

40-869 

The  following  tables  give  the  results  of  the  experiments  for 
ascertaining  the  capacity  for  heat  of  the  jar  of  solution. 
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Table  XL— Experiments  on  the  Heat  evolved  by  the  Mercury- 
Spiral  in  the  jar  of  Solution  of  Sulphate  of  Zinc  used  in  the 
experiments  of  Table  IX.     Pile  of  5  cells. 


Mean 
deflection. 

Corrected 
tangent. 

Difference  be- 
tween the  mean   Square  of  the 

temperature  of       corrected 
the  solution  and      tangent, 
tliat  of  the  room. 

Heat  evolved 
in  10'  in  divi- 
sions of  the 
thermometer. 

61  \i\ 

60  30 

58  19 

59  \U 

1-8355 
1-7768 
1-6287 
1-6935 

6-48  C-         3-3691 
1-61      +         3-1570 
0-47      -         2-6527 
Ml      +         2-8679 

51-1 
45-6 
42-7 
40-5 

Mean    

0-442    +         3-0117 

44-975 

Corrected  for  difference  0-442  -f 

45-700 

46-269 

Table  XII. — Experiments  on  the  Heat  evolved  by  the  Mercury 
Spiral  in  the  can  of  water  used  in  the  experiments  of  Table  X. 
Pile  of  5  cells,     2  lbs.  11  oz.  of  water  in  the  can. 


Mean 
deflection. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 

the  water  and 
that  of  the  room. 

Square  of  the 
corrected 
tangent. 

Heat  evolved 
in  10'  in  divi- 
sions of  the 
thermometer. 

60  21 
60  24 

58  44^ 

59  16^ 

1-7659 
1-7696 
1-6561 
1-6913 

6-66  C.  - 
1-25      4- 
1-17      - 
0-51      + 

3-1184 
3-1315 
2-7427 

2-8605 

44-4 
45-1 
40-7 
40-4 

Mean    

0-018    - 

2-9633 

42-65 

Corrected  for  difference  0°-018C.- 

42-628 

Corrfintfid  for  ranacit 

V  

41-881 

From  the  last  two  tables  we  obtain  for  the  capacity  of  the  jar 
of  solution  used  in  the  experiments  of  Table  IX.^ 
3-0117      41-881      .„„„^     ..„„_ 
2^9633^46^269  ^^^^^•'=^^^^'^- 

From  Tables  IX.  and  X.  we  obtain  for  the  quantity  of  heat 

due  to  -T — 5  X  BC, 
A—B 

And  for  the  actual  quantity  of  heat  evolved  during  electrolysis, 
?^xll80-9=1565°. 
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Hence  2457°'7  — 1565"  =  892°v=  the  quantity  of  heat  ab- 
sorbed in  the  electrolysis  of  a  quantity  of  sulphate  of  zinc  cor- 
responding to  0'586I  of  a  gramme  of  zinc. 

The  quantity  of  heat  absorbed  by  the  electrolysis  of  a  quantity 
of  sulphate  of  zinc  correspondins  to  a  gramme  of  zinc  will  there- 
fore be  1523^-1. 

The  results  of  two  other  series  of  experiments,  conducted  in 
precisely  the  same  manner  as  that  I  have  just  given,  were  1547° 
and  1619°  respectively.     The  mean  of  the  thi'ee  results  is  1563°. 

The  heat  absorbed  by  the  transfer  of  the  sulphuric  acid  from 
the  oxide  of  zinc  to  the  water  was  ascertained  in  the  following 
manner.  A  solution  of  zinc  similar  to  that  employed  in  the 
experiments  was  acidulated  with  about  10  grammes  of  sulphmic 
acid.  7'9  grms.  of  oxide  of  zinc  (prepared  by  igniting  the  car- 
bonate) were  thrown  into  this  solution ;  and  the  heat  evolved  by 
its  union  with  the  free  sulphuric  acid  was  carefully  ascertained, 
and  properly  corrected  for  the  influence  of  the  atmosphere.  The 
capacity  for  heat  of  the  jar  of  solution  was  then  ascertained  by 
the  method  of  electrical  currents.  This  being  done,  a  fresh 
quantity  of  oxide  of  zinc  was  thrown  into  the  solution,  and  the 
heat  evolved  again  observed.  The  mean  of  the  two  experiments 
gave  378°  for  the  quantity  of  heat  evolved  by  the  solution  of 
1"242  grm.,  the  quantity  of  oxide  of  zinc  corresponding  to  a 
gi'amme  of  zinc. 

1563°  — 378°=  1185°,  the  quantity  of  heat  absorbed  in  the 
decomposition  of  oxide  of  zinc  into  zinc  and  oxygen  gas ;  and 
which  ought  therefore  to  be  the  quantity  of  heat  evolved  by  the 
combustion  of  a  gramme  of  zinc. 

Combustion  of  Hydrogen  Gas. 

The  apparatus  employed  in  the  ex-periments  on  hydrogen  is 
shown  in  tig.  8.  a  represents  a  glass  jar  nearly  full  of  a  solu- 
tion consisting  of  sLx  parts  of  water  and  one  of  strong  sulphuric 
acid,  and  containing  platinum  electrodes ;  b  represents  a  glass 
tube  for  conveying  the  mixed  gases  to  the  pneumatic  trough  c. 
The  glass  stirrer  d,  being  inserted  in  the  small  cork  e,  can,  when 
not  in  use,  be  made  perfectly  tight  by  inserting  the  latter  into 
the  large  cork  which  stops  up  the  mouth  of  the  jar.  A  coating 
of  a  viscid  solution  of  rosin  in  tm-pentine  was  applied  wherever  it 
appeared  necessaiy,  in  order  to  ensm'e  perfect  tightness.  The 
quantity  of  mixed  gases  evolved  was  ascertained  by  the  weight 
of  water  displaced  in  the  bottle  /;  and  hence  the  weight  of  libe- 
rated hydi'ogen  was  computed  with  the  assistance  of  the  best 
tables,  regard  being  paid  to  the  temperature  of  the  gas,  its  hy- 
grometric  state,  the  barometric  pressure,  &c. 
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Table  XIII. — Experiments  on  the  Electrolysis  of  Dilute  Sul- 
.  phuric  Acid,  spec.  grav.  1-103.     Pile  of  6  cells. 


Current  A. 

Current  B. 

Current  C. 

Difference  be- 
tween the  mean 

tcm])Crature  of 
the  solution  and 
that  of  the  room. 

^~^XBC. 
A-B 

III 

t3.S5 
BBS'S 

Hydrogen  libe- 
rated from  the  ne- 
gative electrode 
in  grammes. 

(J  tj 

"9    . 

62 

H     Is 

ii 

1^ 
n 

8^ 

73  35i 

75  41 

76  57 
76    3 

3-4170 
3-9429 
4-3412 

4-0508 

1   o     , 

59  26  1-702058  14 

60  57  1-8098  60  31 
62    0  1-8906  61  19 

61  13  1-8298  60  50 

1-6234  1-30  C. - 

1-7780  0-34      + 
1-8374  0-71      + 
l-8011|l-85      -f 

2-8897 
3-2658 
3-5492 
3-3382 

40-6 
37-8 
41-7 

38-8 

0-03978 
0-04212 
0-04372 
0-04411 

Mean  

0-40      i- 

3-2607 

39-725  0-04243J 

Corrected  for  difference  0°-40-i- 

40-381 

Table  XIV. — Experiments  on  the  Heat  evolved  by  the  Standard 
Silver  Coil.     Pile  of  5  cells. 


Mean 
deflection. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 
the  water  and 
that  of  the  room. 

Square  of  the 
corrected 
tangent. 

Heat  evolved 
in  10'  in  divi- 
sions of  the 
thermometer. 

56  12 
55  40 

55  37 

56  27 

1-5012 
1-4714 
1-4687 
1-5155 

0-25  C.  - 
1-53      + 
0-53      - 
1-05      + 

2-2536 
2-1650 
2-1571 
2-2967 

42-1 
4M 
43-4 
41-7 

Mean    

0-45      -1- 

2-2181 

42075 

Corrected  for  difference  0°-45+ 

42-642 

Table  XV. — Experiments  on  the  Heat  evolved  by  the  Mercury 
Spiral  in  the  jar  of  Dilute  Svdphiu'ic  Acid  used  in  the  experi- 
ments of  Table  XIII.     Pile  of  5  cells. 


Mean 
deflection. 

Corrected 
tangent. 

Difference  be- 
tween the  mean 

temperature  of 
the  solution  and 
that  of  the  room. 

Square  of  the 
corrected 
tangent. 

Heat  evolved 
in  10'  in  divi- 
sions of  the 
thermometer. 

60  15"i 
60  39  > 
59  34J 
58  52^ 

1-7594 

1-7883 
1-7117 
1-6648 

0-46  C. - 
1-59      + 
1-55      - 

0-38      + 

3-0955 
3-1980 
2-9299 
2-7716 

49-9 
46-0 
46-6 
43-9 

Mean    j     001      - 

2-9987 

46-6 

Corrected  for  difference  0°-01  — 

46-584 

f-firrprtprl  fnr  ranapi 

ty : 

47-164 

' 

in  Chemical  Combinations. 
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Table  XVI. — Experiments  on  the  Heat  evolved  by  the  Mercury 
Spiral  in  the  can  of  water  used  in  the  experiments  of  Table  XIV. 
Pile  of  5  cells.     2  lbs.  11  oz.  of  water  in  the  can. 


Mean 
deflection 

Corrected 
tangent. 

Difference  be- 
tween the  mean 
temperature  of 

the  water  and 
that  of  the  room. 

c             ^  ^,      Heat  evolved 
Square  of  the  in  ,0,i„^^. 

^ZZ'f        sionsofthe 
tangent.        thermometer. 

59  39 
59  46i 
59  10 
59  37i 

1-7168 
1-7255 
1-6841 
1-7151 

0-47  C- 
1-35      + 
1-01      - 
0-74      + 

2-9474 
2-9774 
2-8362 
2-9416 

41-9 
42-6 
42-8 
40-5 

Mean    

0152    + 

2-9256 

41-95 

Corrected  for  difference  0°-152C.+     42-141 

Corrected  for  capacity    41-402 

From  the  above  tables  we  obtain  for  the  capacity  for  heat  of 
the  jar  of  dilute  sulphuric  acid  used  in  the  experiments  of 
Table  XIIL. 


2-9987       41-402 


X  1283-7  =  1155. 


2-9256       47-164 

A  Q 

For  the  quantity  of  heat  due  to  .  _-^  x  BC 


42-642     3-2607 


X  1283-7=3441^-8. 


23-38       2-2181 
And  for  the  actual  quantity  of  heat  evolved  in  the  electrolysis. 


40-381 
23-38 


xll55  =  1994°-9. 


Hence  3441°-8-1994°-9=1416°-9,  the  quantity  of  heat  ab- 
sorbed dui-ing  the  electrolysis  of  a  quantity  of  sulphate  of  water 
corresponding  to  0-04243  of  a  gramme  of  hydi"ogen. 

The  quantity  of  heat  absorbed  by  the  electrolysis  of  a  quantity 
of  sulphate  of  water  corresponding  to  a  gramme  of  hydrogen  will 
therefore  be  34101°. 

Two  other  series  of  experiments  conducted  in  precisely  the 
same  manner,  excepting  that  in  the  former  of  the  two  the  capa- 
city for  heat  of  the  jar  of  dilute  acid  was  obtained  by  the  method 
of  mixtures,  gave  34212°  and  32358°  respectively,  as  the  heat 
absorbed  per  gramme  of  hydrogen  liberated.  The  mean  of  the 
three  results  is  33557°. 

A  small  portion  of  this  quantity  of  heat  absorbed  is  that  due 
to  the  removal  of  water  from  the  ddute  acid ;  but  the  correction 
on  this  account  is  so  exceedingly  small  as  to  be  hardly  worth 
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applying.  Subtracting  4",  however,  on  this  account,  we  obtain 
33553°  as  the  quantity  of  heat  absorbed  during  the  electrolysis 
of  water,  which  ought  therefore  to  be  equal  to  the  quantity  of 
heat  evolved  by  the  combustion  of  a  gi'amme  of  hydrogen  gas. 

8.  By  the  inverse  method  of  electrical  currents,  then,  we  have 
found  that  the  quantities  of  heat  evolved  by  the  combustion  of 
copper,  zinc  and  hydrogen,  are  respectively  594°,  1185°,  and 
33553^.  These  quantities  agree  so  well  with  the  results  ob- 
tained by  Dulong,  that  I  think  I  may  assume  that  the  jn-iuciples 
admitted  in  this  paper  are  demonstrated  sufficiently  to  justify 
me  in  making  them  the  basis  of  a  few  concluding  observations. 

The  fact  that  the  heat  evolved  in  a  given  time  bj^  a  metallic 
wire  is  proportional  to  the  square  of  the  quantity  of  transmitted 
electricity,  proves  that  the  action  of  the  current  is  of  a  strictly 
mechanical  character;  for  the  force  exerted  by  a  fluid  impinging 
against  a  solid  body  obeys  the  same  law.  Now  I  have  shown  in 
previous  papers*,  that  when  the  temperature  of  a  gramme  of  water 
is  increased  by  1°  Centigrade,  a  quantity  of  vis  viva  is  commu- 
nicated to  its  particles  equal  to  that  acquired  by  a  weight  of  448 
grammes  after  falling  from  the  perpendicular  height  of  one  metre. 
Hence  the  mechanical  force  of  a  voltaic  pile  may  be  calculated 
from  the  heat  which  it  evolves. 

Hence  also  may  the  absolute  force  with  which  bodies  enter 
into  chemical  combination  be  estimated  by  the  quantity  of  heat 
evolved.  Thus,  from  the  data  already  given,  the  vis  viva  deve- 
loped by  the  combustion  of  a  gramme  of  copper,  a  gramme  of 
zinc,  and  a  gramme  of  hydrogen,  will  be  respectively  equivalent 
to  the  vis  viva  possessed  by  weights  of  266112,  530880,  and 
15031744  grammes,  after  falling  from  the  pei-pendicular  height 
of  one  metre. 

LXX.  The  Bakerian  Lecture. — Contributions  to  the  Physiology  of 
Vision. — Part  the  Second.  On  some  remarkable,  and  hitherto 
unobsei'ved,  Phenomena  of  Binocular  Vision  [continued] .  By 
Charles  Wheatstone,  F.R.S.,  Professor  of  Experimental 
Philosophy  in  King's  College,  London-f. 
[With  a  Plate.] 

§17. 

IN  §  3.  of  the  first  part  of  my  "  Contributions  to  the  Physio- 
logy of  Vision,"  published  in  the  Philosophical  Transactions 
for  1838  J,  speaking  of  the  stereoscope,  I  stated,  "The  pictures 

*  Philosophical  Magazine,  S.  3.  vol.  xxvii.  p.  206. 

t  From  the  Philosophical  Transactions  for  1852,  parti.;  having  been 
received  and  read  by  the  Royal  Society  January  15,  1852. 
+  Reprinted  in  our  April  Number. — Ed.  Phil,  Mag. 
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will  indeed  coincide  when  the  sliding  pannels  are  in  a  variety  of 
different  positions,  and  consequently  when  viewed  under  differ- 
ent inclinations  of  the  optic  axes ;  but  there  is  only  one  position 
in  which  the  binocular  image  will  be  immediately  seen  single,  of 
its  proper  magnitude,  and  without  fatigue  to  the  eyes,  because 
in  this  position  only  the  ordinary  relations  between  the  magni- 
tude of  the  pictures  on  the  retina,  the  inclination  of  the  optic 
axes,  and  the  adaptation  of  the  eye  to  distinct  vision  at  different 
distances,  are  presened.  The  alteration  in  the  apparent  magni- 
tude of  the  binocidar  images,  when  these  usual  relations  are 
disturbed,  will  be  discussed  in  another  paper  of  this  series,  with 
a  variety  of  remarkable  phenomena  depending  thereon." 

In  1833,  five  years  before  the  publication  of  the  memoir  just 
mentioned,  these  yet  unpublished  investigations  were  announced 
in  the  third  edition  of  Herbert  ^layo^s  "Outlines  of  Human 
Physiology  "  in  the  following  words  : — "  Mr.  "\Mieatstone  has 
shown,  in  a  paper  he  is  about  to  publish,  that  if  by  artificial 
means  the  usual  relations  which  subsist  between  the  degi-ee  of 
inclination  of  the  optic  axes  and  the  visual  angle  which  the  object 
subtends  on  the  retina  be  disturbed,  some  extraordinary  illusions 
may  be  produced.  Thus,  the  magnitude  of  the  image  remaining 
constant  on  the  retina,  its  apparent  size  may  be  made  to  vaiy 
with  eveiy  alteration  of  the  angular  inclination  of  the  optic  axes." 

I  shall  resume  the  consideration  of  the  phsenomena  of  bin- 
ocular \-ision  with  this  subject,  because  the  facts  I  have  ascer- 
tained regarding  it  are  necessary  to  be  understood  before  enter- 
ing on  the  new  experiments  relating  to  stereoscopic  appearances 
which  I  intend  to  bring  forward  on  the  present  occasion. 

Under  the  ordinary  conditions  of  \-ision,  when  an  object  is 
placed  at  a  certain  distance  before  the  eyes,  several  concuning 
circumstances  remain  constant,  and  they  always  vary  in  the  same 
order  when  the  distance  of  the  object  is  changed.  Thus,  as  we 
approach  the  object,  or  as  it  is  brought  nearer  to  us,  the  magni- 
tude of  the  picture  on  the  retina  increases ;  the  inchnation  of  the 
optic  axes,  required  to  cause  the  pictm-es  to  fall  on  con-esponding 
places  of  the  retinse,  becomes  greater ;  the  divergence  of  the  ravs 
of  light  j)roceeding  from  each  point  of  the  object,  and  which 
determines  the  adaptation  of  the  eyes  to  distinct  Aision  of  that 
point,  increases ;  and  the  dissimilarity  of  the  two  pictures  pro- 
jected on  the  retinae  also  becomes  greater.  It  is  important  to 
ascertain  in  what  manner  our  perception  of  the  magnitude  and 
distance  of  objects  depends  on  these  various  circumstances,  and 
to  inquire  which  are  the  most,  and  which  the  least  infiuential  in 
the  judgements  we  fonn.  To  advance  this  inquiry  beyond  the 
point  to  which  it  has  hitherto  been  brought,  it  is  not  sufficient 
to  content  ourselves  with  drawing  conclusions  from  observations 
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on  the  circumstances  under  which  vision  natui'ally  occurs,  as 
preceding  writers  on  this  subject  mostly  have  done,  but  it  is 
necessary  to  have  more  extended  recourse  to  the  methods  so 
successfully  employed  in  experimental  philosophy,  and  to  endea- 
vour, wherever  it  be  possible,  not  only  to  analyse  the  elements  of 
vision,  but  also  to  rccombine  them  in  unusual  manners,  so  that 
they  may  be  associated  under  eircimistances  that  never  naturally 
occur. 

The  instrument  I  shall  proceed  to  describe  enables  these  ab- 
normal combinations  to  be  made  in  a  very  simple  and  effectual 
manner.  Its  principal  object  is  to  cause  the  binocular  pictures 
to  coincide,  with  any  inclination  of  the  optic  axes,  while  their 
magnitudes  on  the  retinae  remain  the  same ;  or  inversely,  while 
the  optic  axes  remain  at  the  same  angle,  to  cause  the  size  of  the 
pictures  on  the  retinae  to  vary  in  any  manner. 

Two  plane  mirrors  inclined  90°  to  each  other  are  placed  toge- 
ther and  lixed  vertically  upon  a  horizontal  board.  Two  wooden 
arms  move  round  a  common  centre  situated  on  this  board  in  the 
vertical  plane  which  bisects  the  angle  of  the  mirrors,  and  about 
li  inch  beyond  their  line  of  junction.  Upon  each  of  these  arms 
is' placed  an  upright  panuel,  at  right  angles  thereto,  for  the  pur- 
pose of  receiving  its  appropriate  picture,  and  each  pannel  is  made 
to  slide  to  and  from  the  opposite  mu'ror.  The  eyes  being  placed 
before  the  mirrors,  the  right  eye  to  the  right  mirror  and  the  left 
eye  to  the  left  miiTor,  and  the  pannels  being  adjusted  to  the  same 
distances,  however  the  arms  be  moved  round  their  centre,  the 
distance  of  the  reflected  image  of  each  picture  from  the  eye  will 
remain  exactly  the  same,  and  consequently  its  retinal  magnitude 
will  be  unchanged.  But  as  the  two  reflected  images  do  not 
occupy  the  same  place  when  the  pictm-es  are  in  different  positions, 
to  cause  the  former  to  coincide  the  optic  axes  must  converge 
differently.  WTien  the  arms  are  in  the  same  straight  line,  the 
images  coincide  while  the  optic  axes  are  parallel ;  and  as  they 
form  a  less  angle  with  each  other,  the  optic  axes  converge  more 
to  occasion  the  coincidence.  ^Mien  the  arms  remain  in  the  same 
positions,  while  the  pannels  slide  towards  or  from  the  mirrors,  the 
convergence  of  the  optic  axes  remains  the  same,  but  the  magni- 
tude of  the  pictm-es  on  the  retinae  increases  as  the  distance  de- 
creases. By  the  arrangement  described,  and  which  is  repre- 
sented by  flgs.  1  and  2,  Plate  XII.,  the  reflected  pictures  are  always 
perpendicular  to  the  optic  axes,  and  the  corresponding  points  of 
the  pictm-es,  when  they  are  exactly  similar,  fall  upon  correspond- 
ing points  of  the  retinae.  The  instrument  has  an  adjustment 
for  otherwise  inclining  them  if  it  be  required. 

Let  us  now  attend  to  the  effects  produced.  The  pictures 
being  fixed  at  the  same  distance  from  the  miiTors,  there  is  a  cer- 
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tain  adjustment  of  the  arms  at  which  the  binocular  image  will 
appear  of  its  natural  size,  that  is,  the  size  we  judge  the  picture  itself 
to  be  when  we  look  at  it  directly ;  in  this  case  the  magnitude  of 
the  pictures  on  the  retiufe  and  the  inclination  of  the  optic  axes 
preseiTc  their  usual  relation  to  each  other.  If  now  the  arms  be 
moved  back,  so  as  to  cause  a  less  convergence  of  the  axes,  the  i 
image  will  appear  to  increase  in  magnitude  until  the  arms  are  1 
in  a  straight  line  and  the  optic  axes  are  parallel ;  and,  on  the 
other  hand,  if  the  arms  be  moved  forwards,  so  as  to  form  a  less 
angle,  the  optic  axes  vnQ.  converge  more,  and  the  image  will 
appear  gradually  smaller.  In  this  manner,  while  the  retinal 
magnitude  remains  the  same,  the  perceived  magnitude  of  the 
binocular  object  varies  through  a  very  considerable  range. 

The  instrument  being  again  adjusted  so  that  the  image  shall 
be  seen  of  its  natm"al  size ;  on  sliding  the  pictm'es  nearer  the 
mirrors  its  perceived  magnitude  will  be  augmented,  and  on  sli- 
ding them  from  the  mirrors  it  will  appear  diminished  in  size. 
During  these  variations  of  magnitude  the  inclination  of  the  optic 
axes  remains  the  same. 

The  perceived  magnitude  of  an  object,  therefore,  diminishes 
as  the  inclination  of  the  axes  becomes  greater,  while  the  distance 
remains  the  same ;  and  it  increases,  when  the  inclination  of  the 
axes  remains  the  same,  while  the  distance  diminishes.  Allien 
both  these  conditions  vary  inversely,  as  they  do  in  ordinaiy  vision 
when  the  distance  of  an  object  changes,  the  perceived  magnitude 
remains  the  same*. 

Before  I  proceed  fm*ther  it  ^ill  be  proper  to  explain  the  mean- 
ing of  some  of  the  terms  I  employ.  I  call  the  magnitude  of  the 
object  itself,  the  real  or  objective  magnitude ;  the  magnitude  of 
the  picture  on  the  retina,  the  retinal  magnitude ;  and  the  mag- 
nitude we  estimate  the  object  to  be  from  its  retinal  magnitude 
and  the  inclination  of  the  optic  axes  conjointly,  I  name  the  per- 
ceived magnitude.  I  do  not  use  the  term  apparent  magnitude, 
because,  according  to  its  ordinary  acceptation,  it  sometimes 
means  what  I  call  retinal,  and  at  other  times  what  I  name  per- 
ceived magnitude. 

We  have  seen  in  what  manner  our  perception  of  magnitude  is 
modified  by  the  new  associations  which  this  instrument  enables 
us  to  form ;  let  us  now  examine  how  our  perception  of  distance 

*  Several  cases  of  the  alteration  of  the  perceived  magnitude  of  ob- 
jects are  mentioned  by  Dr.  R.  Smith  (Complete  System  of  Optics,  1738, 
vol.  ii.  p.  388,  and  rem.  526  and  532);  and  Dr.  R.  Darwin  (Philosophical 
Ti-ansactious,  vol.  Ixxvi.  p.  313)  obseiTcd  that  when  an  ocular  spectrum 
was  impressed  on  both  eyes  it  appeai'ed  magnified  when  they  were  dhected 
to  a  wall  at  a  considerable  distance.  The  facts  noticed  by  these  authors 
are  satisfactorily  explained  by  the  above  considerations. 
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is  affected  bytliem.  If  we  continue  to  observe  the  binocular  picture 
whilst  it  apparently  increases  or  decreases,  in  consequence  of  the 
inclination  of  the  optic  axes  vaiying  while  the  magnitude  of  the 
impressions  on  the  retina  remains  the  same,  it  does  not  appear 
either  to  approach  or  to  recede  ;  and  yet  if  we  attentively  regard 
it  in  any  fixed  position,  it  is  perceived  to  be  at  a  different  distance. 
On  the  other  hand,  if  we  continue  to  regard  the  binocular  pic- 
ture, enlarging  and  diminishing  in  consequence  of  the  change  of 
retinal  magnitude  while  the  convergence  of  the  axes  remains  the 
same,  we  perceive  it  to  approach  or  recede  in  the  most  evident 
manner ;  but  on  fixing  the  attention  to  it,  when  it  is  stationary, 
at  any  instant,  it  appears  to  be  at  the  same  distance  at  one  time 
as  it  is  at  another. 

Convergence  of  the  optic  axes  therefore  suggests  fixed  distance 
to  the  mind ;  variation  of  retinal  magnitude  suggests  change  of 
distance.  We  may,  as  I  have  above  shown,  perceive  an  object 
approach  or  recede  \\-ithout  appearing  to  change  its  distance, 
and  an  object  to  be  at  a  different  distance,  xWthout  appearing  to 
approach  or  recede ;  these  paradoxical  effects  render  it  difficult, 
until  the  phgenomena  are  well  apprehended,  to  know,  or  to  ex- 
press, what  we  actually  do  perceive. 

It  is  the  prevalent  opinion  that  the  sensation  which  accom- 
panies the  inclination  of  the  optic  axes  immediately  suggests 
distance,  and  that  the  perceived  magnitude  of  an  object  is  a 
judgement  arising  from  our  consciousness  of  its  distance  and  of 
the  magnitude  of  its  picture  on  the  retina.  From  the  experi- 
ments I  have  brought  forv\'ard,  it  rather  appears  to  me  that  what 
the  sensation  which  is  connected  with  the  convergence  of  the 
axes  immediately  suggests  is  a  con-ection  of  the  retinal  magni- 
tude to  make  it  agree  with  the  real  magnitude  of  the  object ;  and 
that  distance,  instead  of  being  a  simple  perception,  is  a  judge- 
ment arising  from  a  comparison  of  the  retinal  and  perceived 
magnitudes.  However  this  may  be,  unless  other  signs  accom- 
pany this  sensation  the  notion  of  distance  we  thence  derive  is 
uncertain  and  obscure,  whereas  the  perception  of  the  change  of 
magnitude  it  occasions  is  obvious  and  unmistakeable. 

To  see,  in  their  full  extent,  the  variations  of  magnitude  exhi- 
bited by  the  instrument  I  have  described,  it  is  necessary  to  attend 
to  the  following  observations. 

As  the  incHnation  of  the  optic  axes  corresponding  to  a  differ- 
ent distance  is  habitually,  under  ordinary  cii'cumstances,  accom- 
panied with  the  particular  adaptation  of  the  eyes  required  for 
distinct  vision  at  that  distance,  it  is  difficult  to  disassociate 
these  two  conditions  so  as  to  see  with  equal  distinctness  the  bin- 
ocular picture  when  the  optic  axes  are  parallel,  and  when  they 
converge  greatly,  although  the  pictures  remain,  in  both  cases,  at 
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the  same  distance  from  the  eyes.  The  adaptation  is^  therefore, 
not  entirely  dependent  on  the  divergence  of  the  rays  of  hght 
which  proceed  from  the  object  regarded,  but  also,  in  some  degree, 
on  the  inclination  of  the  optic  axes.  I  have  acquired  by  practice 
considerable  power  of  adjustment,  or  rather  disadjustment,  of 
the  eyes,  and  can,  without  having  recourse  to  artificial  means, 
see  the  binocular  picture  distinctly  when  its  perceived  magnitude 
is  widely  different.  Those  to  whom  such  an  effort  is  painful 
may  employ  short-sighted  spectacles  to  see  the  binocular  picture 
when  the  eyes  converge  within  the  limit  of  distinct  vision  for 
the  distance  at  which  the  pictures  are  placed ;  and  long-sighted 
spectacles  when  the  eyes  converge  beyond  that  limit,  or  become 
parallel. 

There  is  a  means  of  avoiding  to  a  very  considerable  extent  the 
influence  of  the  adjustment  of  the  eyes,  and  thereby  enabling 
the  pictures  to  be  seen  distinctly  within  the  entire  range  of  the 
inclination  of  the  optic  axes.  This  is  by  looking  at  the  reflected 
images  in  the  mirrors  through  two  very  minute  apertures,  not 
larger  than  fine  pin-holes,  placed  near  each  eye,  and  illuminating 
the  pictures  by  a  very  strong  hght ;  sunshine  in  the  middle  of 
the  day  answers  the  purpose  very  well.  By  this  expedient  the 
divergence  of  the  rays  of  light  is  greatly  diminished,  and  the 
adaptation  of  the  eyes  does  not  materially  influence  the  result. 

§18. 

Leaving  this  subject,  I  will  now  revert  to  the  stereoscope  and 
its  effects. 

Since  1838  numerous  modifications  of  the  stereoscope  have 
occurred  to  me,  and  several  ingenious  arrangements  have  also 
been  proposed  by  Sir  David  Brewster  and  Professor  Dove ;  but 
there  is  no  form  of  the  instrument  which  has  so  many  advan- 
tages for  investigating  the  phsenomena  of  binocular  vision  as  the 
original  reflecting  stereoscope.  Pictures  of  any  size  may  be 
placed  in  it,  and  it  admits  of  every  kind  of  adjustment. 

I  have  constructed  a  very  portable  reflecting  stereoscope  which 
is  represented  at  fig.  3.  The  sides  fold  over  the  mirrors,  and 
the  mirrors  then  fold  into  a  box,  which  is  not  larger  than  six 
inches  in  any  of  its  dimensions.  To  avoid  the  second  feeble 
reflexion  from  the  anterior  sm-face  of  the  silvered  glass,  which 
has  a  bad  effect  when  the  attention  is  attracted  to  it,  I  have 
sometimes  employed  reflecting  prisms.  The  reflecting  surfaces 
of  the  prisms  should  be  silvered  in  order  to  obviate  the  unequal 
brightness  of  the  field  of  view  on  each  side  of  the  limit  of  total 
reflexion ;  and  as  it  would  be  too  costly  to  employ  veiy  large 
prisms,  they  should  have  an  adjustment  to  accommodate  their 
distance  to  the  width  between  the  eyes  of  the  observer. 
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1  have,  for  many  years  past,  employed  also  another  means  to 
occasion,  without  any  straining  of  the  eyes,  the  coincidence  of 
the  pictures  so  that  the  image  in  relief  shall  appear  of  the  same 
magnitude  and  at  the  same  distance  as  the  object  which  they 
represent  would  do  if  it  were  itself  directly  regarded.  In  this 
apparatus,  prisms  being  employed  to  deflect  the  rays  of  light 
proceeding  from  the  pictures,  so  as  to  make  them  appear  to 
occupy  the  same  place,  I  have  called  it  the  refracting  stereoscope. 

It  is  represented  by  fig.  4.  It  consists  of  a  base  6  inches 
long  and  4  inches  broad,  upon  which  stands  an  upright  partition, 
5  inches  high,  dividing  it  equally ;  this  partition  is  capable  of 
extension  by  means  of  a  slide  to  double  the  length,  and  carries 
at  its  upper  extremity  a  board  placed  parallel  to  the  base,  and 
of  the  same  dimensions.  In  this  upper  board  there  are  two 
apertures  an  inch  square,  one  on  each  side  of  the  partition,  the 
centres  of  which  are  2^  inches  from  each  other ;  in  these  aper- 
tures are  fixed  a  pair  of  glass  prisms  having  their  faces  inclined 
15°,  and  their  refractive  angles  turned  towards  each  other.  The 
stereoscope  pictures  are  to  be  placed  on  the  base,  and  their 
centres  ought  not  to  exceed  the  distance  of  2^  inches. 

A  pair  of  plate-glass  prisms,  their  faces  making  with  each 
other  an  angle  of  13°,  wdll  bring  two  pictures,  the  corresponding 
points  of  w^hich  are  2^  inches  apart,  to  coincidence  at  a  distance 
of  12  inches,  and  a  pair  with  an  angle  of  15°  will  occasion  coin- 
cidence at  8  inches. 

The  refracting  stereoscope  has  the  advantage  of  portability, 
but  it  is  limited  to  pictures  of  small  dimensions.  It  is  w^ell 
suited  for  Daguerreotypes,  which  are  usually  of  small  size,  and, 
on  account  of  the  nature  of  their  reflecting  surface,  must  be 
viewed  in  a  particular  direction  with  respect  to  the  light  which 
falls  upon  them ;  wiiereas  in  the  reflecting  stereoscope  it  is  some- 
what difficult  to  render  the  two  Daguerreotypes  equally  visible. 
For  drawings  and  Talbotypes  it  however  offers  no  advantages, 
though  it  is  equally  well  suited  for  them  when  their  dimensions 
are  small. 

Stereoscopic  drawings  afibrd  a  means  of  illustrating  works 
with  figures  of  three  dimensions,  instead  of  with  mere  plane 
representations.  Works  on  crystallography,  solid  geometiy, 
spherical  trigonometry,  architecture,  machineiy,  &c.,  might  be 
thus  rendered  more  instructive,  from  the  perfect  coimtcrpart  of 
the  sohd  figure  seen  from  a  single  point  of  view  being  represented 
instead  of  merely  one  of  its  plane  projections.  For  this  purpose 
the  corresponding  binocular  figures  must  be  engraved  in  parallel 
vertical  columns,  and  their  coalescence  may  be  efiectcd  by  view- 
ing them  through  a  pair  of  prisms,  similar  to  those  employed  in 
the  refracting  stereoscope,  placed  in  a  frame  at  the  proper  di- 
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stance  from  each  other.  If  the  engravings  should  be  less  than 
2^  inches  apart,  the  prisms  may  be  dispensed  with  by  persons 
who  have  command  over  the  adaptation  of  their  eyes,  particularly 
if  they  be  short-sighted. 

§19. 

At  the  date  of  the  publication  of  my  experiments  on  binocular 
vision,  the  brilliant  photographic  discoveries  of  Talbot,  Niepce 
and  Daguerre,  had  not  been  announced  to  the  world.  To  illus- 
trate the  phsenomena  of  the  stereoscope  I  could  therefore,  at  that 
time,  only  employ  drawings  made  by  the  hands  of  an  artist. 
Mere  outline  figures,  or  even  shaded  perspective  di'awings  of 
simple  objects,  do  not  present  much  difficulty  ;  but  it  is  evidently 
impossible  for  the  most  accurate  and  accomplished  artist  to  deli- 
neate, by  the  sole  aid  of  his  eye,  the  two  projections  necessaiy  to 
form  the  stereoscopic  relief  of  objects  as  they  exist  in  nature  with 
their  delicate  differences  of  outline,  light  and  shade.  Wliat  the 
hand  of  the  artist  was  unable  to  accomplish,  the  chemical  action 
of  light,  directed  by  the  camera,  has  enabled  us  to  effect. 

It  was  at  the  beginning  of  1839,  about  six  months  after  the 
appearance  of  my  memoir  in  the  Philosophical  Transactions,  that 
the  photographic  art  became  knowii,  and  soon  after,  at  my  request, 
Mr.  Talbot,  the  inventor,  and  Mr.  Collen  (one  of  the  first  culti- 
vators of  the  art)  obligingly  prepared  for  me  stereoscopic  Talbo- 
types  of  full-sized  statues,  buildings,  and  even  portraits  of  living 
persons.  M.  Quetelet,  to  whom  I  communicated  this  application 
and  sent  specimens,  made  mention  of  it  in  the  Bulletins  of  the 
Brussels  Academy  of  October  18J^1 .  To  M.  Fizeau  and  M.  Claudet 
I  was  indebted  for  the  first  Daguerreotypes  executed  for  the 
stereoscope.  The  beautiful  stereoscopic  representations  of  sta- 
tuary, architectm*e,  machinery,  natural  histoiy  specimens,  por- 
traits of  liAing  persons,  single  and  in  groups,  kc,  which  have 
recently  been  produced  by  M.  Soleil  and  M.  Claudet,  are  now 
too  well  known  to  the  public  to  need  more  than  a  shght  refer- 
ence to  them. 

With  respect  to  the  means  of  preparing  the  binocular  photo- 
graphs (and  in  this  general  term  I  include  both  Talbotypes  and 
Daguerreotypes),  little  requires  to  be  said  beyond  a  few  direc- 
tions as  to  the  proper  positions  in  which  it  is  necessaiy  to  place 
the  camera  in  order  to  obtain  the  two  required  projections. 

We  will  suppose  that  the  binocular  pictures  are  required  to 
be  seen  in  the  stereoscope  at  a  distance  of  8  inches  before  the 
eyes,  in  which  case  the  convergence  of  the  optic  axes  is  about  18°. 
To  obtain  the  proper  projections  for  this  distance,  the  camera 
must  be  placed,  with  its  lens  accm-ately  directed  towards  the 
object,  successively  in  two  points  of  the  circumference  of  a  circle 
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of  which  the  object  is  the  centre,  and  the  paints  at  which  the 
camera  is  so  placed  must  have  the  angular  distance  of  18*^  frorh 
each  other,  exactly  that  of  the  optic  axes  in  the  stereoscope. 
The  distance  of  the  camera  from  the  object  may  be  taken  arbi- 
trarily; for,  so  long  as  the  same  angle  is  employed,  whatever 
that  distance  may  be,  the  pictures  will  exhibit  in  the  stereoscope 
the  same  relief,  and  be  seen  at  the  same  distance  of  8  inches, 
only  the  magnitude  of  the  picture  will  appear  different,  Minia- 
ture stereoscopic  representations  of  buildings  and  full-sized 
statues  arc  therefore  obtained  merely  by  taking  the  two  projec- 
tions of  the  object  from  a  considerable  distance,  but  at  the  same 
an2;le  as  if  the  object  were  only  8  inches  distant,  that  is,  at  an 
angle  of  18°. 

To  produce  the  best  effect,  it  is  necessary  that  the  pictures  be 
so  placed  in  the  stereoscope  that  each  eye  shall  see  its  respective 
picture  at  the  proper  point  of  sight :  if  this  condition  be  not 
attended  to,  the  binocular  perspective  will  be  incorrect. 

For  obtaining  binocular  photographic  portraits,  it  has  been 
found  advantageous  to  employ,  simultaneously,  two  cameras  fixed 
at  the  proper  angular  positions. 

I  subjoin  a  Table  of  the  inclinations  of  the  optic  axes  which 
correspond  to  different  distances;  it  also  shows  the  angular 
positions  of  the  camera  required  to  obtain  binocular  pictures 
which  shall  appear  at  a  given  distance  in  the  stereoscope  in  their 
true  relief. 


Inclination  of  the  optic  axes 
Distance  in  inches 


2° 

71-5 


357 


14*  16° 
lO-l  8-8 


18°  20° 
-•87-0 


The  distance  is  equal  to  ^  cotang  ^ ;  a  denoting  the  distance 
between  the  two  eyes,  and  0  the  inclination  of  the  optic  axes. 

§20. 

As  the  inclination  of  the  optic  axes  diminishes  by  the  removal 
of  an  object  to  which  they  are  directed  to  a  greater  distance,  not 
only  does  the  magnitude  of  the  pictures  projected  by  it  on  the 
retinse  proportionately  diminish,  but  the  dissimilarity  of  the  pic- 
tures becomes  less.  The  difference  of  distance  between  any  two 
points  of  each  of  the  pictures  ^Aill  diminish  until  the  projections 
become  sensibly  similar.  Under  the  usual  circumstances  attend- 
ing the  vision  of  a  solid  object  placed  at  a  given  distance,  a  par- 
ticular inclination  of  the  axes  is  invariably  accompanied  by  a 
specific  pair  of  dissimilar  projections;  and  if  the  distance  be 
changed,  a  different  inclination  of  the  axes  is  accompanied  by 
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another  pair  of  projections ;  but,  by  means  of  the  stereoscope, 
we  have  it  within  our  power  to  associate  these  circumstances 
abnormally,  and  to  cause  any  degree  of  inclination  of  the  axes  to 
coexist  with  any  dissimilarity  of  the  two  pictures.  To  ascertain 
experimentally  what  takes  place  under  these  circumstances, 
M.  Claudet  prepared  for  me  a  number  of  Daguerreotypes  of  the 
same  bust,  taken  at  a  variety  of  different  angles,  so  that  I  was 
enabled  to  place  in  the  stereoscope  two  pictures  taken  at  any 
angular  distance  from  2°  to  18^,  the  former  corresponding  with 
a  distance  of  about  6  feet,  and  the  latter  with  a  distance  of  about 
8  inches.  The  effect  of  a  pair  of  near  projections  seen  with  a 
distant  convergence  of  the  optic  axes,  is  to  give  an  undue  elon- 
gation to  lines  joining  two  unequally  distant  points,  so  that  all 
the  features  of  a  bust  appear  to  be  exaggerated  in  depth.  The 
effect,  on  the  contrary,  of  a  pair  of  distant  projections,  seen  with 
a  near  convergence  of  the  axes,  is  to  give  an  undue  shortening 
to  the  same  lines,  so  that  the  appearance  of  a  bas-relief  is  ob- 
tained from  the  two  projections  of  the  bust.  The  apparent  di- 
mensions in  breadth  and  height  remain  in  both  cases  the  same. 

§21. 

To  reproduce  the  conditions  of  the  binocular  vision  of  a  solid 
object  as  completely  as  possible  by  means  of  its  two  plane  pro- 
jections, it  is  necessary,  as  I  have  before  stated,  that  the  projec- 
tions shall  be  such  as  correspond  exactly  with  the  inclination  of 
the  optic  axes  under  which  they  are  viewed.  I  have  already 
shown  in  §  20  what  takes  place  when  this  condition  is  not 
strictly  observed,  and  I  may  add,  that  the  mind  is  not  unplea- 
santly affected  by  a  considerable  incongruity  in  this  respect ;  on 
the  contrary,  the  effect  in  many  cases  seems  heightened  by  view- 
ing the  solid  appearance,  intended  for  a  determinate  degree  of 
inclination  of  the  axes,  under  an  angle  several  degrees  less ;  the 
reality  is  as  it  were  exaggerated.  When  the  optic  axes  are 
parallel,  in  strictness  there  should  be  no  difference  between  the 
pictures  presented  to  each  eye,  and  in  this  case  there  would  be 
no  binocular  relief;  but  I  find  that  an  excellent  effect  is  pro- 
duced when  the  axes  are  nearly  parallel  by  pictures  taken  at  an 
inclination  of  7°  or  8°,  and  even  a  difference  of  16°  or  17°  has 
no  decidedly  bad  effect. 

This  ch'cumstance  enables  us  to  combine  the  ideal  amplifica- 
tion arising  from  \dewing  pictures  placed  near  the  eyes  under  a 
small  inclination,  or  even  parallelism,  of  the  optic  axes  mentioned 
in  §  17,  with  the  perception  of  solidity  arising  from  the  dissimi- 
larity of  the  projections ;  for  this  purpose,  the  pictures  in  the 
refracting  stereoscope,  or  their  reflected  images  in  the  reflecting 
instrument,  must  be  viewed  through  lenses  the  focal  distance  of 
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which  is  equal  to  the  distance  between  them  and  the  pictures ; 
the  perceived  magnitude  of  the  binocular  image  will  increase  with 
the  nearness  of  the  pictures,  and  depends  almost  entirely  on  the 
disassociation  of  the  retinal  magnitude  from  its  usually  accom- 
panying inclination  of  the  optic  axes,  the  actual  magnifying 
power  of  the  lenses  having  a  very  small  influence. 

The  sole  use  of  the  lenses  is  to  render  the  rays  of  light  parallel, 
which  it  is  necessary  they  should  be  for  distinct  vision  when  the 
optic  axes  arc  parallel.  >Micn  the  rejecting  stereoscope  is  em- 
ployed, this  means  of  magnifying  the  efl'ect  is  not  of  much  utility, 
as  pictures  of  any  size  may  be  adapted  to  that  instrument.  But 
in  the  case  of  the  refracting  stereoscope  it  may  be  advantageously 
made  use  of.  By  combining  lenses  with  the  refracting  stereo- 
scope, described  in  §  18,  Daguerreotypes  somewhat  wider  than  the 
^ndth  between  the  eyes  may  be  employed.  Sir  David  Brewster 
has  used,  to  effect  the  same  purpose,  semi-lenses  with  their 
edges  directed  towards  each  other,  which  seiTc  at  the  same  time 
to  render' the  rays  less  convergent  and  slightly  to  displace  the 
pictm-es  towards  each  other.  Two  corresponding  Daguerreo- 
types, each  not  exceeding  in  breadth  the  width  between  the  eyes, 
being  placed  close  to  each  other,  and  viewed  with  lenses  of  short 
focal  distance,  will,  even  without  the  aid  of  the  prisms,  give  an 
apparently  highly  magnitied  binocular  image  in  bold  relief. 

There  is  a  peculiarity  in  such  images  worthy  of  remark; 
although  the  optic  axes  are  parallel,  or  nearly  so,  the  image  does 
not  appear  to  be  referred  to  the  distance  we  should,  from  this 
circumstance,  suppose  it  to  be,  but  it  is  perceived  to  be  much 
nearer,  and  indeed  more  so,  as  the  pictures  are  neai'er  the  eyes, 
though  the  inclination  of  the  optic  axes  remains  the  same,  and 
should  therefore  suggest  the  same  distance ;  it  seems  as  if  the 
dissimilarity  of  the  projections,  corresponding  as  they  do  to  a 
nearer  distance  than  that  which  would  be  suggested  by  the  former 
circumstance  alone,  alters  in  some  degree  the  perception  of 
distance. 

I  recommend,  as  a  convenient  arrangement  of  a  refr^ting 
stereoscope  for  ^■iewing  Daguerreotypes  of  small  dimensions,  the 
instrument  represented,Pl.  XII.fig.4,  shortened  in  its  length  from 
8  inches  to  5,  and  lenses  of  5  inches  focal  distance  placed  before 
and  close  to  the  prisms. 

§  22. 

I  now  proceed  to  another  subject — to  the  consideration  of 
those  plwnomcna  which  I  have  termed  Conversions  of  Rehef. 

In  §  5  of  my  first  memoir  I  noticed  the  remarkable  circum- 
stance, that  when  the  drawing  intended  to  be  seen  by  the  right 
eye  is  presented  to  the  left  eye  in  the  stereoscope,  and  vice  versa, 
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a  totally  different  solid  figure  is  perceived  to  that  seen  before  the 
transposition.  I  called  this  the  converse  figure,  and  showed  that 
it  differs  from  the  normal  figure  in  the  circumstance,  that  those 
points  which  appear  the  most  distant  in  the  latter,  appear  the 
nearest  in  the  former. 

The  pictures  being,  in  the  first  place,  presented  directly  to 
their  corresponding  eyes,  as  in  the  refracting  stereoscope,  and 
exhibiting  therefore  the  resultant  image  in  its  normal  relief,  the 
conversion  of  the  relief  may  be  effected  in  three  different  ways, — 
1st,  by  transposing  the  pictures  from  one  eye  to  the  other,  as 
mentioned  above ;  2ndly,  by  reflecting  the  pictures,  while  they 
remain  presented  to  the  same  eye,  as  in  the  reflecting  stereo- 
scope ;  and  3rdly,  by  inverting  the  position  of  the  pictures  with- 
out transposing  them. 

The  following  considerations  will  explain  the  cause  of  the  con- 
version of  relief  in  the  preceding  cases. 

If  two  different  objects,  or  parts  of  an  object  (fig.  5a),  have  a 
greater  lateral  distance  between  them  on  the  right-hand  picture 
than  that  which  they  have  on  the  left-hand  picture,  the  optic 
axes  must  converge  more  to  make  the  left-hand  than  to  make 
the  right-hand  objects  coincide,  and  the  left-hand  object  will 
appear  the  nearest. 

If  the  pictures  be  now  transposed  from  one  eye  to  the  other 
(fig.  5  a'),  the  greatest  distance  will  be  between  the  correspond- 
ing points  of  the  picture  presented  to  the  left  eye ;  the  optic 
axes  must  therefore  converge  less  to  make  the  left-hand  objects 
coincide,  and  the  right-hand  object  will  appear  the  nearest. 

If  the  pictures,  remaining  untransposed,  be  each  separately 
reflected  (fig.  5  b),  the  relative  distances  of  the  corresponding 
objects  remain  the  same  to  each  eye,  and  the  left-hand  object 
will  still  appear  nearest ;  but  in  consequence  of  the  lateral  inver- 
sion of  the  objects  in  each  picture  by  reflexion,  that  which  was 
previously  on  the  left  will  now  be  on  the  right,  and  therefore 
the  object  which  before  appeared  nearest  will  now  appear  furthest. 

When  the  pictm-es  are  turned  upside  dowm,  still  remaining 
untransposed  (fig.  5  c),  the  objects  are  reversed  with  respect  to 
the  right  and  left,  in  the  same  manner  as  they  are  when  reflected, 
and  the  lateral  distances  between  the  objects  remaining  the  same 
to  each  eye,  precisely  the  same  conversion  of  relief  is  pi'oduced 
as  in  the  preceding  case,  except  that  the  resultant  image  is  in- 
verted. The  diagram  (fig.  5)  represents  all  the  possible  changes 
of  the  two  binocular  pictures ;  those  marked  N  show  the  normal 
relief,  and  those  marked  C  the  converse  rehef. 

But  it  may  be  asked  why,  if  the  reflexion  or  inversion  of  the 
binocular  pictures  of  an  object  gives  rise  to  the  mental  idea  of 
the  converse  relief,  the  same  converse  relief  is  not  observed  when 
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the  object  itself  is  reflected  in  a  mirror,  or  inverted.  The  reason 
is  this ;  that  in  the  former  cases  the  projections  to  each  eye  are 
separately  reflected  or  inverted,  still  remaining  presented  to  the 
same  eye,  whereas,  by  the  reflexion  or  inversion  of  the  object 
itself,  not  only  are  the  projections  reflected  or  inverted,  but  they 
are  also  transposed  from  one  eye  to  the  other;  and  these  cir- 
cumstances occurring  simultaneously  reproduce  the  nomial  relief. 

Fig.  6  will  render  this  evident  in  the  case  of  reflexion  :  A  is 
the  object,  B  its  reflexion  in  the  mirror  CD ;  RB  and  LB  are 
the  directions  in  which  the  right  and  left  eyes  view  the  reflected 
image  respectively,  and  /A  and  rA.  the  directions  in  which  the 
eyes  would  view  the  corresponding  face  of  the  object  directly. 

In  the  case  of  an  inverted  object,  it  is  obvious  that  that  pro- 
jection which  was  before  seen  by  the  right  eye  must  be  seen  by 
the  left  eye,  and  the  contrary. 

It  is  possible  to  make  this  normal  or  converse  relief  appear 
while  one  of  the  pictures  remains  constantly  presented  to  the 
same  eye.  This  result  may  be  thus  obtained.  Having  taken  a 
photograph  of  the  object,  which  should  be  one  the  converse  of 
which  has  a  meaning,  take  two  others  at  the  same  angular  di- 
stance (say  18°),  one  on  the  right  side,  the  other  on  the  left  side 
of  the  original.  Of  the  three  pictures  thus  taken,  if  the  middle 
one  be  presented  to  the  right  eye,  and  the  left  picture  to  the  left 
eye,  a  normal  relief  will  be  seen ;  but  if  the  right  picture  be 
presented  to  the  left  eye,  the  other  remaining  unchanged,  a  con- 
verse relief  will  be  seen.  In  like  manner,  if  the  middle  picture 
be  presented  to  the  left  eye,  and  the  right  picture  to  the  right 
eye,  a  normal  relief  will  appear ;  but  if  the  left  picture  be  pre- 
sented to  the  right  eye,  the  converse  relief  will  present  itself.  It 
must  be  observed,  that  the  normal  and  converse  reliefs,  when 
the  same  picture  remains  presented  to  the  same  eye,  belong  to 
two  different  positions  of  the  object. 

§23. 

Hithei-to  I  have  taken  into  consideration  only  those  cases  of 
the  conversion  of  relief  which  are  exhibited  by  binocular  pictures 
in  the  stereoscope,  when  they  are  transposed,  reflected  or  in- 
verted ;  I  shall  now  proceed  to  show  how  pha.Miomena  of  the 
same  kind  may  be  elicited  by  regarding  objects  themselves,  by 
means  of  an  instrument  adapted  for  the  purpose.  As  this  in- 
strument conveys  to  the  mind  false  perceptions  of  all  external 
objects,  I  have*  called  it  the  Pseudoscope.  It  is  represented 
by  fig.  7,  and  is  thus  constructed :  two  rectangular  prisms  of 
flint  glass,  the  faces  of  which  are  1"2  inch  square,  are  placed 
in  a  frame  with  their  hj-pothenuses  parallel,  and  2*1  inches  from 
each  other ;  each  prism  has  a  motion  on  an  axis  corresponding 
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witlj  the  angle  nearest  the  eyes,  so  that  they  may  be  adjusted 
4;hat  their  bases  may  have  any  inchnation  towards  each  other ; 
-and.  the  frame  itself  is  adjustable  by  a  hinge  at  a,  in  order  to 
bring  the  prisms  nearer  each  other  to  suit  the  eyes  of  the  observer. 

The  instrument  being  held  to  the  eyes,  and  adjusted  to  an 
object,  so  that  it  shall  appear  single,  each  eye  \nl\  see  a  reflected 
image  of  that  projection  of  the  object  which  would  be  seen  by 
the  same  eye  without  the  pseudoscopc.  This  is  exactly  the  con- 
trary of  what  occui*s  when  the  eyes  regard  the  reflected  image 
of  an  object  in  a  looking-glass  j  the  left  eye  then  sees  the  re- 
flected image  of  the  right-hand  projection,  and  the  right  eye  the 
reflected  image  of  the  left  projection,  as  shown  by  tig.  6. 

Plane  mirrors  cannot  be  substituted  for  the  reflecting  prisms, 
for  this  reason ;  the  refraction  of  the  rays  of  light  at  the  incident 
and  emergent  surfaces  of  the  prisms  enables  the  reflexion  of  an 
object  to  be  seen  when  the  object  is  even  behind  the  prolonga- 
tion of  the  reflecting  smface,  as  shown  at  tig.  8,  and  thus  the 
reflected  binocular  image  may  be  seen  in  the  same  place  as  the 
object  itself,  whereas  the  images  cannot  be  made  by  means  of 
plane  mirrors  thus  to  coincide. 

"^Mien  the  pseudoscope  is  so  adjusted  as  to  see  a  near  object 
while  the  optic  axes  are  parallel,  to  ^iew  a  more  distant  object 
with  the  same  adjustment,  the  axes  must  converge,  and  the  more 
so  as  the  object  is  more  distant ;  all  nearer  objects  than  that  seen 
when  the  axes  are  parallel,  will  appear  double,  because  the  optic 
axes  can  never  be  simultaneously  directed  to  them.  If  this  in- 
strument be  so  adjusted  that  very  distant  objects  are  seen  single 
when  the  eyes  are  parallel,  all  nearer  objects  will  appear  double, 
because  the  optic  axes  can  never  converge  to  make  their  bin- 
ocular images  coincide.  If  the  attention  is  required  to  be  di- 
rected to  an  object  at  a  particular  cUstance,  the  best  mode  of 
viewing  it  with  the  pseiidoscope  is  to-  adjust  the  instniment  so 
that  the  object  shall  appear  at  the  proper  distance  and  of  its 
natural  size.  In  this  case  the  more  distant  objects  will  appear 
nearer  and  smaller,  and  the  nearer  objects  vnl\  appear  more 
distant  and  larger. 

In  ordinary  vision,  whenever  the  distance  of  an  object  varies, 
the  magnitude  of  the  picture  on  the  retina,  and  the  degi'ce  of 
convergence  of  the  optic  axes,  always  maintain  a  constant  rela- 
tion to  each  other,  both  increasing  or  decreasing  together ;  and 
the  perceived  magnitude,  suggesting  to  the  mind  the  real  mag- 
nitude of  the  object,  in  consequence  thereof  remains  the  same. 
The  instrument  I  described  in  §  17  shows  what  illusions  arise 
when  the  usual  relations  of  these  elements  of  our  perceptions  are 
distm-bed,  by  causing  one  to  remain  constant  while  the  other 
varies.     The  pseudoscope  exhibits  the  still  more  cuiious  illusions 
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which  result  from  combining  these  elements  inversely ;  so  that 
as  an  object  becomes  nearer,  its  larger  picture  on  the  retina  is 
accompanied  by  a  less  convergence  of  the  optic  axes.  With  the 
pseudoscope  we  have  a  glance,  as  it  were,  into  another  visible 
world,  in  which  external  objects  and  our  internal  perceptions 
have  no  longer  their  habitual  relation  with  each  other. 

I  will  now  proceed  to  describe  some  of  the  illusions  produced 
by  the  aid  of  this  instrument.  Those  which  may  be  strictly 
designated  conversions  of  relief,  in  which  tlie  illusive  appearance 
has  the  same  relation  to  that  of  the  real  object  as  a  cast  to  a 
mould,  or  a  mould  to  a  cast,  are  veiy  readily  perceived.  I  must 
however  remark,  that  it  is  necessaiy  to  illuminate  the  object 
equally,  so  as  to  allow  no  lights  or  shades  to  appear  upon  them, 
for  their  presence  has  a  considerable  influence  on  the  judgement, 
and  is  one  of  the  principal  causes  of  the  perception  of  the  proper 
relief  when  a  single  eye  is  employed. 

The  inside  of  a  tea-cup  appeai-s  as  a  solid  convex  body ;  the 
effect  is  more  striking  if  there  are  painted  figures  within  the  cup. 

A  china  vase,  ornamented  ^ath  coloured  flowers  in  relief,  pre- 
sents a  very  remarkable  appearance ;  we  apparently  see  a  vertical 
section  of  the  interior  of  the  vase,  with  painted  hollow  impres- 
sions of  the  flowers. 

A  small  terrestrial  globe  appears  as  a  concave  hemisphere  ; 
on  tui-ning  it  round  on  its  axis,  it  was  curious  to  see  different 
portions  of  the  spherical  map  appear  and  disappear  in  a  manner 
that  nothing  in  external  nature  can  imitate. 

A  bust  regarded  in  front  becomes  a  deep  hollow  mask ;  the 
appearance  when  regarded  in  profile  is  equally  striking. 

A  framed  picture  hanging  against  a  wall,  appears  as  if  im- 
bedded in  a  cavity  made  in  the  wall. 

A  medal,  or  the  impression  of  a  seal,  is  perfectly  converted 
into  a  representation  of  the  die  from  which  it  has  been  struck  j 
and,  on  the  other  hand,  the  moidd  or  die  of  a  medal,  or  an  en- 
graved seal,  becomes  a  facsimile  of  the  medal  or  raised  impres- 
sion. It  will  also  be  observed,  that  if  the  medal  be  placed  on  a 
flat  surface,  as  a  sheet  of  paper,  it  will  appear  sunk  beneath  the 
surface ;  and  if  it  be  placed  in  a  hollow  of  the  same  size,  it  will 
appear  to  stand  above  the  surface  as  much  as  it  actually  is 
below  it. 

These  appearances  are  not  always  immediately  ])erceived ;  and 
some  much  more  readily  present  themselves  than  others.  Those 
converse  forms  which  have  a  meaning,  and  resemble  real  forms 
we  have  been  accustomed  to  see,  arc  those  which  arc  the  most 
easily  apprehended.  Viewed  with  the  pseudoscope,  notwithstand- 
ing the  inversion  of  the  pictures  on  the  retina,  the  natural  ap- 
pearance of  the  object  continues  to  intrude  itself,  when  some- 
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times  suddenly,  and  at  other  times  gradually,  the  converse  oc- 
cupies its  place.  The  reason  of  this  is,  that  the  relief  and  distance 
of  objects  is  not  suggested  to  the  mind  solely  by  the  binocular 
pictm-es  and  the  convergence  of  the  optic  axes,  but  also  by  other 
signs,  which  are  perceived  by  means  of  each  eye  singly ;  among 
which  the  most  effective  are  the  distributions  of  light  and  shade 
and  the  perspective  forms  which  we  have  been  accustomed  to  see 
accompany  these  appearances.  One  idea  being  therefore  sug- 
gested to  the  mind  by  one  set  of  signs,  and  another  totally  in- 
compatible idea  by  another  set,  according  as  the  mental  atten- 
tion is  directed  to  the  one  and  abstracted  from  the  other,  the 
normal  form  or  its  converse  is  perceived.  This  mental  attention 
is  involuntary ;  no  immediate  effort  of  the  will  can  call  up  one 
idea  while  the  other  continues  to  present  itself,  though  the  trans- 
ition may  be  facilitated  by  intentionally  removing  some  of  the 
signs  which  suggest  the  preponderating  idea ;  thus  the  converse 
form  being  perceived,  closing  either  eye  will  most  frequently 
cause  an  instant  reversion  to  the  normal  form ;  and  always,  if 
the  monocular  signs  of  relief  are  sufficiently  suggestive. 

I  know  of  nothing  more  wonderful,  among  the  phsenomena 
of  perception,  than  the  spontaneous  successive  occurrence  of 
these  two  very  different  ideas  in  the  mind,  while  all  external  cir- 
cumstances remain  precisely  the  same.  Thus  a  small  statuary 
group,  an  elegant  and  beautiful  object,  without  any  apparent 
cause  becomes  converted  into  another  totally  dissimilar  object 
uncouth  in  appearance,  and  which  gives  rise  to  no  agreeable 
emotions  in  the  mind ;  yet  in  both  cases  all  the  sensations  that 
intervene  between  objective  reality  and  ideal  conception  continue 
unchanged. 

The  effects  of  the  pseudoscope  I  have  already  mentioned,  may 
be  strictly  called  conversions  of  relief,  because  the  illusive  appear- 
ance is  in  each  case  the  converse  impression  of  the  relief  of  the 
real  object.  If,  however,  the  object  consists  of  parts  detached 
from  and  behind  each  other,  the  preceding  term  is  inappropriate 
to  denote  the  effects  which  result,  but  the  more  general  expres- 
sion conversion  or  inversion  of  distance  may  be  employed  to  de- 
signate them.  I  proceed  to  call  attention  to  a  few  such  effects. 
Skeleton  figures  of  geometrical  solids,  as  cubes,  pyi-amids,  &c., 
readily  show  their  converse. 

Two  objects  at  different  distances,  being  simultaneously  re- 
garded, the  most  remote  will  appear  the  nearest  and  the  nearest 
the  most  remote. 

An  ivory  foot-rule,  held  immediately  before  the  eyes  a  little 
inclined  to  the  horizon  with  its  remote  end  elevated,  appears 
inclined  in  the  opposite  way,  its  nearer  end  elevated,  and  as  if 
the  observer  were  looking  at  its  lower  sui'face.     Its  form  also 
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undergoes  a  change.  Since  the  nearest  end,  the  retinal  magni- 
tude of  which  is  the  largest,  appears  farthest  from  the  eyes,  and 
the  nearest  end,  the  retinal  magnitude  of  which  is  greatest,  ap- 
pears near  the  eyes,  the  rule  mil  no  longer  be  perceived  to  be 
rectangular,  but  trapezoidal.  If  the  rule  be  placed  horizontally, 
and  it  be  regarded  with  the  pseudoscope  at  an  angle  of  45°,  it 
will  appear  with  the  form  just  described  standing  vertically.     - 

Any  object  placed  before  the  wall  of  a  room  will  appear  l)ehind 
the  wall,  and  as  if  an  aperture  of  the  proper  dimensions  had  been 
made  in  the  wall  to  allow  it  to  be  seen  ;  if  the  object  be  illumi- 
nated by  a  candle,  its  shadow  will  appear  as  far  before  the  object 
as  in  reality  it  is  behind. 

The  appearance  of  a  plant  is  very  remarkable ;  as  the  branches 
which  are  furthest  from  the  eye  are  ])erceived  to  be  the  nearest, 
those  parts  which  are  actually  obscured  by  the  branches  before 
them,  appear  broken  away  and  allow  the  parts  apparently  behind 
them  to  be  seen.  A  flowering  shrub  before  a  hedge  appears  to 
be  transferred  behind  it ;  and  a  tree  standing  outside  a  window 
may  be  brought  visibly  within  the  room  in  which  the  observer  is 
standing. 

I  have  before  observed,  that  the  transition  from  the  normal  to 
the  converse  perception  is  often  gradual ;  I  will  give  one  instance 
of  this  as  an  illustration.  The  object  was  a  page  of  medallions 
embossed  on  card-board,  and  the  raised  impressions  were  pro- 
tected from  injury  by  a  thick  piece  of  mill-board  having  aper- 
tures in  it  made  to  correspond  to  each  medallion.  The  page 
was  placed  horizontally,  illuminated  by  a  candle  placed  beyond 
it,  and  looked  at  through  the  pseudoscope  at  an  angle  of  45°; 
for  the  first  moment  the  page  appeared  as  it  would  have  done 
without  the  instrument ;  soon  after  the  medallions  appeared  level 
with  the  upper  surface,  and  the  shadows  on  the  upper  parts  of 
the  circular  apertures  were  converted  into  deep  depressions  as  if 
cut  out  with  a  tool ;  they  next,  from  horizontal,  became  vertical, 
each  standing  erect  on  the  horizontal  plane,  and  immediately 
afterwards  the  reliefs  were  all  changed  into  hollows ;  finally,  the 
])age  itself  stood  vertical,  but  with  that  change  of  form  which  I 
indicated  in  the  case  of  the  rule,  the  upper  edge  appearing  much 
shorter  than  the  lower  edge :  the  series  of  changes  being  now 
complete,  the  final  form  remained  constant  as  long  as  the  object 
was  regarded. 

In  endeavouring  to  analyse  the  phsenomena  of  converse  per- 
ception, it  must  be  borne  in  mind  that  the  transposition  of 
distances  has  reference  only  to  distances  from  the  retinse,  not  to 
absolute  horizontal  distances  in  space.  Thus,  if  a  straight  ruler 
be  held  in  the  vertical  plane  perpendicular  to  the  optic  base,  and 
also  inclined  45°  to  the  horizon  so  that  its  upper  end  shall  be 
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thie.  most  distant,  when  the  eyes  are  dii-ected  horizontally  towards 
it,  the  rule  ^v^ll  appear  exactly  in  the  converse  position.  If  the 
rule  be  now  removed  lower  down  in  the  same  vertical  plane,  its 
inclination  remaining  unchanged,  so  that  to  look  upon  it  the 
plane  of  the  optic  axes  must  be  inclined  45°,  it  will  appear  un- 
altered in  position,  because  its  two  pictures  are  parallel  on  the 
retina?,  and  the  optic  axes  would  require  the  same  convergence 
■to  make  the  upper  and  lower  ends  coalesce.  The  rule  being 
removed  still  lower  down,  instead  of  its  position  being  apparently 
-reversed,  it  will  appear  to  have  a  greater  inclination  on  the  same 
side  than  the  object  itself  has.  In  the  first  case  the  more  distant 
end  is  actually  furthest  from  the  eyes ;  in  the  second,  the  near 
and  remote  ends  are  equally  distant ;  and  in  the  third  the  nearest 
end  is  most  distant. 

Attention  to  what  I  have  just  stated  will  explain  many  ano- 
malous circumstances  which  occur  when  the  eyes  are  differently 
directed  towards  the  same  object.  It  may  also  be  necessary  to 
remark,  that  the  conversion  of  distance  takes  place  only  within 
those  limits  in  which  the  optic  axes  sensibly  converge,  or  the 
pictures  projected  on  the  retinse  are  sensibly  dissimilar.  Beyond 
this  range  there  is  no  mutual  transposition  of  the  apparent 
distances  of  objects  with  the  pseudoscope ;  a  distant  ^iew  there- 
fore appears  unchanged. 

Some  veiy  paradoxical  results  are  obtained  when  objects  in 
motion  are  viewed  through  the  pseudoscope.  When  an  object 
approaches,  the  magnitude  of  its  picture  on  the  retinae  increases 
as  in  ordinaiy  vision ;  but  the  inclination  of  the  optic  axes, 
instead  of  increasing,  becomes  less,  as  I  have  already  explained. 
Now  an  enlargement  of  the  picture  on  the  retina  invariably  sug- 
gests approach,  and  a  less  convergence  of  the  optic  axes  indicates 
that  the  object  is  at  a  greater  distance;  and  we  have  thus  two 
'  contradictory  suggestions.  Hence,  if  two  objects  be  placed  side 
by  side  at  a  certain  distance  before  the  eyes,  and  one  of  them  be 
moved  forwards,  so  as  to  vary  its  distance  from  the  other,  its 
continually  enlarging  pictiu-e  on  the  retina  makes  it  appear  to 
come  towards  the  eyes,  as  it  actually  does,  while  at  the  same 
time  it  appears  at  every  step  at  a  greater  distance  beyond  the 
fixed  object ;  from  one  suggestion  the  object  appears  to  approach, 
from  the  other  to  have  receded.  I  again  observe  that  retinal 
magnitude  does  not  itself  suggest  distance,  but  from  its  changes 
we  infer  changes  of  distance. 

I  have  hitherto  only  described  the  pseudoscope  constructed 
with  two  reflecting  prisms.  This  is  the  most  convenient  appa- 
ratus for  effecting  the  conversion  of  distance  and  relief  that  has 
occurred  to  me;  but  other  means  may  be  employed,  which  I 
will  briefly  mention.  loa  mu  oj  'x>if  iyn' 
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Ist.  Two  plane  mirrors  are  placed  together  so  as  to  form  a 
very  obtuse  angle  towards  tlie  eyes  of  the  observer ;  immediately 
before  them  the  object  is  to  be  placed  at  such  distance  tliat  a 
reflected  image  shall  appear  in  each  mirror.  The  eyes  being 
placed  before  and  a  little  above  the  object,  must  be  caused  to 
converge  to  a  point  between  the  object  and  the  mirrors ;  the 
right-hand  image  of  the  left  eye  will  then  unite  with  the  left- 
hand  image  of  the  right  eye,  and  the  converse  relief  will  be  per- 
ceived. The  disadvantages  of  this  method  are  that  only  parti- 
cular objects  can  be  examined,  and  it  requires  a  painful  adapta- 
tion of  the  eye  to  distinct  vision. 

2udly.  Place  between  the  object  and  each  eye  a  lens  of  small 
focal  distance,  and  adjust  the  distances  of  the  object  and  the 
lenses  so  that  distinct  inverted  images  of  the  object  shall  be  seen 
by  each  eye ;  on  directing  the  eyes  to  the  place  of  the  object,  the 
two  images  \\\\\  unite,  and  the  converse  relief  be  perceived. 
As  the  rays  of  light  proceeding  from  the  images  have  a  greater 
divergence  than  those  which  would  proceed  from  the  point  to 
which  the  optic  axes  are  directed,  long-sighted  persons  will  see 
the  binocular  image  more  distinctly  by  wearing  a  paii'  of  short- 
sighted spectacles.  In  this  experiment  the  field  of  view  is  very 
small,  on  account  of  the  distance  at  which  it  is  necessary  to 
place  the  lenses  from  the  eyes ;  but  I  have  been  enabled  in  this 
manner  to  see  beautifully  the  converse  relief  of  a  small  ivory 
bust  and  of  other  small  objects,  which,  however,  should  be  in- 
verted in  order  to  see  them  direct. 

3rdly.  The  inverted  images  of  the  lenses,  instead  of  being 
received  immediately  by  the  eyes,  as  just  described,  may  be 
thrown  on  a  plate  of  ground  glass,  as  in  the  case  of  the  ordinary 
camera-obscura,  and  may  be  then  caused  to  unite  by  the  means 
employed  in  any  form  of  the  refracting  stereoscope. 

§24. 

The  cases  of  the  conversion  of  relief  when  the  object  is  regarded 
with  one  eye  only,  some  of  which  w^ere  known  more  than  a  cen- 
tury ago,  were  taken  into  consideration  and  endeavoured  to  be 
explained  by  me  in  §  11  of  the  first  part  of  this  memoir,  and 
Sir  David  Brewster*  has  published  some  interesting  and  in- 
structive observations  on  the  same  subject ;  I  will  therefore  not 
revert  to  this  matter  here,  but  only  to  say  that  I  haAc  myself 
never  observed  the  conversion  of  relief  when  looking  with  both 
eyes  immediately  on  a  solid  object,  and  if  it  has  been  observed 
by  others  under  such  circumstances,  I  should  be  inclined  to 
attribute  the  efixjct  to  an  inequality  in  the  impressions  on  the 

*  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  xv.  p.  366  &657. 
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two  eyes  so  that  one  only  is  attended  to.  But  the  plane  shaded 
representation  of  a  solid  object,  the  relief  of  which  is  not  veiy 
deep,  may  easily  be  made  to  appear  at  will,  either  as  the  solid 
which  it  is  intended  to  represent  or  as  its  converse,  even  when 
both  eyes  are  employed.  This  effect  is  strikingly  observed  in 
the  glyptographic  engravings  of  medals  of  low  relief,  and  depends 
entirely  on  whether  the  light  is  so  placed  that  it  would  cast  the 
same  shadows  on  the  real  object  as  are  represented  in  the  picture, 
or  that  it  would  cast  shadows  in  the  opposite  direction.  In  the 
former  case  the  picture  appears  with  the  relief  it  was  intended 
to  suggest ',  in  the  latter  ^vith  the  converse  relief.  I  have  ob- 
served similar  effects  with  Daguerreotypes  of  medallions  and 
cameos,  and  with  carefully  shaded  drawings  of  simple  objects. 


LXXI.   Geometry  and  Geometers.    Collected  by  the  late  Thomas 
Stephens  Davies,  F.R.S.L.i^E.b^c.^- 

No.  X. 

[Continued  from  p.  290.] 

THERE  is  another  ground  of  embarrassment  to  the  young 
mathematician  in  forming  his  estimate  of  the  ancient  geo- 
metry. It  is  the  want  of  proper  discrimination  between  classes 
of  propositions  which  are  in  themselves  of  essentially  distinct 
characters.  This  is  traceable  to  our  very  elements ;  for  even  the 
first  three  books  of  Euclid  comprise  indiscriminately  almost 
evei'y  kind  of  proposition — determinate  and  indeterminate.  I 
need  only  refer  to  Mr.  Potts^s  "Appendix,"  before  referred  to 
(p.  289),  for  proof  of  this;  for  it  will  there  be  seen  how  di- 
versified are  the  propositions  as  to  logical  character,  which  con- 


*  Communicated  by  James  Cockle,  Esq.,  M.A.,  Barrister-at-Law,  who 
adds  the  following  note  : — 

["  The  above  autograph  of  the  late  Professor  Davies  (for  this  addition 
to  which  I  am  responsible)  constitutes  the  residue  of  the  paper  of  \\hich  the 
remaining  portion  appeai-ed  in  the  April  Number  of  this  Jom-ual.  I  have 
now  communicated  to  the  Philosophical  Magazine  for  publication  all  the 
manuscripts  of  my  ]".te  friend,  which  ilrs.  Davies  has  confided  to  me.  But 
I  have  no  doubt  that,  in  the  ample  store  which  I  believe  still  remains  in  her 
hands,  much  will  be  found  of  tlie  working  of  his  genius — much  that,  while 
it  reminds  science  of  the  loss  she  has  sustained,  will  I'ender  important  ad- 
vantages to  mathematical  hterature,  and  jirove  woilhy  of  the  name  and  re- 
putation of  the  departed  philosopher. 

"James  Cockle. 
"  2  Pump  Court,  Temple, 
May  11,  1852."] 
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stitute  our  tirst  "  Elements."  In  the  more  extended  classes,  of 
research^  however^  this  becomes  much  more  embarrassing ;  and  it 
is  to  be  regretted  that  no  single  work  in  which  the  dift'erent 
classes  of  geometric  research  arc  intelligibly  defined,  can  be 
pointed  out.  With  one  more  source  of  difficulty  this  formidable 
list  vvdl  be  concluded ;  though  others^  and  those  not  of  a  niinor 
character,  might  have  been  added.  i  :  it. 

The  great  object  of  the  ancient  geometers  appears  to  have  been 
the  suhition  of  problems ;  and  hence  the  investigation  of  theorems 
held  no  importance  in  their  estimation,  further  than  as  they  were 
subsidiary  to  the  demonstration  of  the  constructions  arrived  at, 
or  in  the  analyses  by  which  those  constructions  were  obtained. 
Instead,  therefore,  of  investigating  the  properties  of  figures  and 
classing  them  according  to  any  rule  (good  or  bad),  only  those 
were  recorded  that  became  subservient  to  some  step  or  other  in 
the  construction  of  a  problem.  This  is  strikingly  manifested  in 
the  seventh  book  of  the  Mathematical  Collections  of  Pappus; 
where  we  see  given  as  isolated  propositions  many  theorems 
which  form  parts  of  the  most  beautiful  and  interesting  classes  of 
research  that  have  been  yet  discovered.  That  wonderful  work 
of  M.  Chasles  [Apercu  Hisforique)  bears  witness  to  this  in  almost 
every  page,  and  it  prevents  the  necessity  of  my  adducing  illus- 
trative examples  in  this  paper. 

It  will  probably  be  objected  that  the  arhelon  and  some  other 
speculations  mentioned  by  Pappus,  as  well  as  some  of  the  minor 
works  of  the  ancients  which  have  reached  us,  contravene  this  view 
of  the  leading  objects  of  the  Greek  Geometry.  I  know  of  none  of 
those  ancient  works,  however,  in  which  I  cannot  trace  the  idti- 
raate  object  to  be  the  solution  of  some  specific  pi'oblem  or  class  of 
problems;  and  so  far  I  see  no  force  in  such  an  objection.  As 
regards  any  of  the  sets  of  properties  mentioned  by  Pappus,  we 
must  recollect  that  he  wrote  and  "  collected'^  long  after  the  period 
when  geometry  could  be  said  to  "  flourish"  in  the  school  of  Plato 
— long  after  the  decadence  of  pure  geometry  amongst  the  Greeks. 
The  arbelon  is  itself,  beyond  being  '^pretty  and  curious,"  mere 
geometrical  trifling;  just  the  kind  of  specidation  that  might  be 
supposed  to  be  indulged  in  the  age  when  the  weak  Proclus  pre- 
sided over  that  once  illustrious  school.  Nothing  of  this  kind 
appears  to  have  engaged  the  attention  of  geometers  dming  the 
period  of  Apollonius  and  Archimedes  :  even  the  various  curves 
that  were  devised  by  the  ancients  were  not  devised  for  the  pm*- 
pose  of  investigating  their  properties,  but  of  solving  some  in- 
tractable problem  by  means  of  them.  The  conic  sections  come 
the  nearest  to  claiming  an  exemption  from  this  general  rule  :  but 
though  many  properties  are  given  by  Apollonius,  the  immediate 
apphcation  of  which  to  constructive  purposes  might  not  readdy 
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-strike  the  mind^  yet  so  many  of  them  are  subsidiary  to  the  de- 
tnonstration  of  properties  which  have  that  undoubted  purpose,  as 
to  require  httle  concession  on  this  point.  Besides,  my  remarks 
are  more  immediately  made  in  reference  to  the  propositions  of 
plane  geometry ;  and  I  think  we  may  infer  that  if  such  classes  of 
properties  had  been  investigated,  the  good  taste  and  judgement 
of  Pappus  would  have  led  him  to  substitute  them  for  the  arhelon 
at  least*. 

"I'r^  It  is  usually  stated  that  the  several  treatises  enumerated  by  Pappus  in 
the  celebrated  preface  to  his  seventh  book,  "  were  written  with  a  view  of 
fecilitating  the  study  of  the  geometrical  analysis."  High  as  is  the  authority 
with  which  this  opinion  is  enforced,  I  can  only  adopt  it  in  a  very  modified 
sense  of  the  terms  employed — and  in  a  sense  too,  which  its  supporters  do 
not  seem  to  include  in  their  mode  of  understanding  the  statement.  It  is 
only  in  the  light  of  their  fonniug  exemjjlars  of  the  geometncal  analysis, 
that  I  can  view  it  as  approaching  to  the  fact ;  although  I  should  not, 
perhaps,  dispute  the  question  if  it  were  stated  that  these  treatises  arc  in 
the  main,  solutions  of  the  problems  in  which  the  anah'sis  of  other  problems 
often  terminate.  M5'  principal  objection  to  this  latter  view  woidd  be,  that 
though  analyses  do  often  terminate  in  one  or  other  of  these  problems,  they 
as  often  do  not ;  and  that  even  if  they  were  found  by  experience  to  do 
so  still  more  frequently,  there  appears  to  be  no  reason  why  other  classes  of 
problems  may  not  present  as  much  variety  in  respect  to  this  circumstance 
as  those  upon  which  the  Greeks  happened  to  spend  their  powers  presented 
of  frequency. 

That  Euclid's  Data  and  his  Porisms  were  subservient  to  analysis,  and 
intended  to  be  so,  there  cannot  exist  a  moment's  doubt.  Like  his  Elements 
they  are  intended  to  be  subsidiary,  and  appear  to  have  no  other  object. 
-The  treatises  of  ApoUonius,  on  the  contraiy,  can  only  be  \aewed  as  final  and 
complete,  each  in  itself :  the  complete  enumeration  of  the  varieties  of  case 
and  circumstance,  and  the  solution  of  each  in  succession,  is  the  obvious  end 
of  his  undertaking — not  the  means  of  getting  to  something  else  beyond  it. 
Indeed,  we  may  ask,  to  what  purpose  cotdd  these  solutions  have  been  ren- 
dered subservient  in  the  cultivation  of  analysis  ?  I  cannot  form  the  least 
conjecture  as  to  how  they  can  be  so  employed.  We  are  also  compelled  to 
ask  what  could  have  been  the  nature  of  those  problems  which  required  such 
an  immense  amount  of  preparation  as  these  treatises  would  imply,  even 
supposing  we  could  see  how  to  apply  them  ?  It  is  strange  that  no  single 
hint  should  have  escaped  the  pen  of  Pappus  on  this  topic,  had  there  been 
such  wonderful  problems  or  classes  of  problems.  To  me,  therefore,  every 
one  of  the  treatises  of  ApoUonius  appears  to  have  nothing  further  to  do 
with  analysis,  than  as  far  as  analysis  might  have  been  employed  in  obtaining 
the  constructions ;  even  this  being  an  assumption  for  which  it  might  be 
difficult  to  furnish  convincing  authority.  Our  views  would  l)e  much  more 
in  keeping  at  all  events  with  the  disputational  character  of  the  intercourse 
of  the  geometers  of  those  times,  did  we  believe  that  the  analysis  was  always 
concealed,  and  only  the  construction  and  demonsti-ation  given. 


rliDsoi  Joa  iftgirn  asgot 
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LXXII.  On  the  Puzzle  of  the  Fifteen  Young  Ladies.  BijtheRcv. 
Thomas  P.  Kirkman,  M.A.,  Rector  of  Croft  with  Southworth, 
Lancashire. 

To  the  Editors  of  the  Philosophical  Magazine  and  Journal. 

Gentlemen, 

WHILE  I  fully  appreciate  the  analytic  value  of  Mr. 
Spottiswoode's  observations  on  my  problem  of  the 
fifteen  young  ladies  in  your  May  Number,  I  shall  hope  for  his 
pardon  if  I  say,  that,  so  far  as  I  can  discover  from  what  he  has 
written,  his  solution,  like  my  own  and  all  that  I  have  yet  heard 
of,  is  accomplished  simply  by  the  rule  of  thimib.  When  he  has 
supplied  the  demonstration,  that  from  his  seven  groups,  each  of 
eight  terms,  not  one  must,  but  one  can,  be  selected  "in  such  a 
manner  that  no  combinations  recur,"  I  will  confess  that  all  the 
tentative  process  is  avoided, 

I  do  not  believe,  although  I  am  far  from  denying,  that  63 
young  ladies  can  be  handled  day  after  day  like  the  15.  That 
this  can  be  done  with  5  xS'""*"^  young  ladies,  I  have  proved  at 
p.  259,  vol.  V.  of  the  Cambridge  and  Dublin  Mathematical 
Journal. 

The  following  arguments -in  support  of  the  opinion  that  the 
problem  cannot  be  generalized  for  the  case  of  3/i  young  ladies, 
n  being  a  prime  number  greater  than  5,  may  be  deserving  of 
attention,  although  1  do  not  offer  them  as  a  demonstration  of 
the  negative. 

Let  it  be  required  to  march  out  day  by  day  in  threes,  until 
eveiy  pair  have  walked  together,  all  the  3n  lad  cs. 


&!     bo     b. 


consisting  of  three  sisters  a,  three  sisters  b,  three  sisters  c,  &c., 
n  being  a  prime  number. 

As  the  data  are  symmetrical  in  a^b,  c.  .  .  N,  and  there  is 
nothing  -in  the  restriction,  that  each  pair  shall  walk  once  and 
once  only  together,  which  is  unsjonmetrical,  and  as  the  whole 
column  is  to  walk  out  every  day,  it  is  to  be  expected  that  the 
sum  of  the  columns  will  be  also  symmetrical  in  these  n  letters. 
The  families  will  exhibit  no  special  preferences  or  dislikes  towards 
each  other,  when  we  consider  the  letters  apart  from  the  sub- 
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indices.  Now  the  number  of  triplets  possible  with  n  things  is 
less  than  that  of  those  which  must  be  employed  in  the  columns 
to  be  added  to  the  given  one.  We  have  a  right  to  expect  that 
the  pair  ah  will  be  associated  equally  with  the  remaining  letters ; 

that  is,  the  number  of  triplets  to  be  added,  which  is^  3n(3ra—  1)— n, 

wUl  be  divisible  by  that  of  those  possible  with  n  symbols,  which 

\^-jn .  w  —  1 .  w — 2  :  in  other  words,  9  is  divisible  by  w—  2,  which 

confines  n  to  the  values  3,  5,  and  11.  The  force  of  this  reason- 
ing lies  in  the  position,  that  there  cannot  be  less  than  n  famihes, 
all  being  symmetrical. 

The  problem  can  be  solved  for  the  two  first  values  of  n ;  but 
I  doubt  greatly  its  solvability  for  n  =  ll. 

There  are  11  x  15  triplets  possible  with  11  things,  and  15 
columns  of  11  triads  are  required  to  be  added  in  the  solution; 
thus  we  may  safely  predict  that  every  triplet  of  the  11  x  15  will 
be  once  employed.  And  it  is  reasonable  to  antici])ate,  on  account 
of  the  sj'mmetry  to  be  expected,  that  the  15  columns  will  fall 
into  groups  of  one  or  more  columns,  Vvhich  can  all  be  formed 
from  the  first  added  gTOup  by  cyclical  permutation  either  of  n, 
or  of  n  — 1,  or  of  n  —  2  letters;  for  to  suppose  such  permutation 
to  be  made  with  less  than  n—2  letters,  would  involve  the  ad- 
mission that  some  one  triplet  of  the  11  x  15  would  be  unafiected 
by  it,  which  is  next  door  to  absurd.  The  only  groups  into  which 
the  15  columns  of  letters,  considered  apart  from  subindices,  can 
fall,  are  groups  of  1,  or  of  3,  or  of  5,  if  all  is  sjmimetrical ;  and 
these  cannot  be  produced  from  each  other  by  cycHcal  permuta- 
tion of  11,  nor  of  10,  nor  of  9  letters.  I  veutui-e  to  affirm, 
though  I  do  not  pretend  to  have  demonstrated,  that  the  problem 
cannot  be  solved  for  n  a  prime  number  greater  than  5. 

The  following  is  a  better  arrangement  than  that  which  I  have 


before  given : — 

«1«2«3 

«i*i^i 

«/i^i 

^1^2^2 

a^e^c^ 

«lV3 

«l%<^3 

*]*A 

Ocp^C^ 

a^d^Bc, 

a^b^d^ 

H%H 

a4)yey 

a^Cydi 

CjCgCg 

a^d^e^ 

Osh^a 

a^e^c^ 

a^A 

OgCcid^ 

%h^i 

d^dcid^ 

b^d^ec. 

d^byCo 

b.e^c^ 

^iMs 

b^c^d^ 

cA^\ 

e^e^e^ 

c^d^e^ 

ezhc\ 

d^e^c^ 

^iMs 

e^CydQ 

dA«3 

The  second  and  third  groups  of  added  columns,  looking  at 
letters  apart  from  subindices,  are  made  by  cychcal  permutation 
of  cde  in  the  first.  The  subindices  are  made  by  cyclical  permu- 
tation of  123,  under  all  the  letters  bcde,  the  second  and  thii'd 
groups  fi'om  the  first. 
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LXXIII.  Early  Egyptian  Chemistry.     By  W.  Heuapath,  Esq. 
To  the  Editors  of  the  Philosophical  Magazine  and  Journal.    \i 
Gentlemen,  h-  JhjU 

WHILE  enj^aged  in  unrolling  a  mummy  at  the  Bristol 
Diilosoplncal  Institution  lately,  I  elicited  a  few  chemical 
facts  which  might  proljably  be  interesting  to  some  of  your 
readers.  On  three  of  the  bandages  were  hieroglyphical  charac- 
ters of  a  dark  colour,  as  well  defined  as  if  Nvi-ittcn  with  a  modern 
pen ;  where  the  marking  Huid  had  flowed  moi*e  copiously  than 
the  characters  required,  the  texture  of  the  cloth  had  become  de- 
composed and  small  holes  had  resulted.  I  have  no  doubt  that 
the  bandages  were  genuine,  and  had  not  been  disturbed  or  un- 
folded :  the  colour  of  the  marks  were  so  similar  to  those  of  the 
present  "  marking-ink,'^  that  I  was  induced  to  try  if  they  were 
produced  bv  silver.  With  the  blowpi])e  I  immediately  obtained 
a  button  of  that  metal ;  the  lib  re  of  the  linen  I  proved  by  the 
microscope^  and  by  chemical  reagents,  to  be  linen ;  it  is  therefore 
certain  that  the  ancient  Egj^Dtians  were  acquainted  with  the 
means  of  dissolving  silver,  and  of  applying  it  as  a  permanent 
ink ;  but  what  was  their  solvent  ?  I  know  of  none  that  would 
act  on  the  metal  and  decompose  flax  fibre  but  nitric  acid,  which 
we  have  been  told  was  unknown  until  discovered  by  the  alche- 
mists in  the  thirteenth  centmy,  which  was  about  2200  years  after 
the  date  of  this  mummy,  according  as  its  superscription  was 
read.  A  very  probable  speculation  might  be  raised  upon  this  to 
account  for  the  solution  of  the  golden  calf  by  jMoses,  who  had 
all  his  mundane  knowledge  from  the  Egyptian  priests.  It  has 
been  supposed  that  he  was  acquainted  with  and  used  the  sul- 
phurct  of  potassium  for  that  purpose :  how  the  inference  arose 
I  know  not ;  but  if  the  Eg}^)tians  obtained  nitric  acid,  it  could 
only  have  been  by  the  means  of  sulphuric  acid,  through  the 
agency  of  which,  and  by  the  same  kind  of  process,  they  could 
have  separated  hydrochloric  acid  from  common  salt :  it  is  there- 
fore more  probable  that  the  priests  had  taught  jMoses  the  use  of 
the  mixed  nitric  and  hydrochloric  acids  with  which  he  could  dis- 
solve the  statue,  rather  than  a  sulphuret,  which  we  have  no  evi- 
dence of  their  being  acquainted  with. 

The  yellow  colour  of  the  fine  linen  cloths  which  had  not  been 
stained  by  the  embalming  materials,  I  found  to  be  the  natural 
colouring  matter  of  the  flax;  they  therefore  did  not,  if  we  judge 
from  this  specimen,  practise  bleaching.  There  were  in  some  of 
the  bandages  near  the  selvage  some  twenty  or  thirty  blue  threads; 
these  were  dyed  by  indigo,  but  the  tint  was  not  so  deep  nor  so 
equal  as  the  work  of  the  modern  dyers ;  the  colour  had  been 
given  it  in  the  skein. 
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One  of  the  outer  bandages  was  of  a  reddish  colour,  which  dye 
I  found  to  be  vegetable^  but  coukl  not  individuaHze  it ;  my  son 
Mr.  Thornton  J.  Herapath  analysed  it  for  tin  and  alumina^  but 
could  not  find  any. 

The  face  and  internal  surfaces  of  the  orbits  had  been  painted 
white^  which  pigment  I  ascertained  to  be  finely  powdered  chalk. 
I  am,  Gentlemen, 

Yours  respectfully. 
Mansion  House,  Oltl  Park,  WiLLIAM  Herapath. 

Bristol,  June  10,  1852. 
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Dec.  15,/^N   the  Quantities  of  Mechanical  Energy  contained  in 
1852.    ^^     a  Fluid  IMass,  in  ditFerent  states,  as  to  Temperature 
and  Density.     By  Professor  William  Thomson. 

Let^;  be  the  pressure  of  a  fluid  mass  v.-hen  its  volume  and  tempe- 
rature are  v  and  t  respectively,  and  let  Mr/u  +  N^/^  be  the  quantity  of 
heat  that  must  be  supplied  to  it  to  augment  its  volume  by  dv  and  its 
temperature  by  dt.  The  mechanical  value  of  the  work  done  upon 
it  to  produce  this  change,  is  the  excess  of  the  mechanical  value  of 
the  quantity  of  heat  that  has  to  be  added  above  that  of  the  work 
done  by  the  fluid  in  expanding,  aud  is  therefore 

i(\ldv  +  lidt)—pdv. 
It  was  shown  in  the  author's  paper  on  the  Dynamical  Theory  of 
Heat,  that  this  expression  is  the  differential  of  a  function  of  v  and  t, 
so  that,  if  this  function  be  denoted  by  ^,  we  have 
^{v,  t)=/{JM—p)dv  +  Ndt}. 
This  function  would,  if  the  constant  of  integration  were  properly 
assigned,  express  the  absolute  quantity  of  mechanical  energy  contained 
in  the  fluid  mass.  Failing  an  absolute  determination  of  the  constant, 
we  may  regard  the  function  (p  as  expressing  the  mechanical  value  of 
the  whole  agency  required  to  bring  the  fluid  mass  from  a  specified 
zero  state  to  the  state  of  occupying  the  volume  v  and  being  at  the 
temperature  t.  In  the  present  paper  some  formulae  are  given,  by 
means  of  which  it  is  shown  that  nearly  all  the  physical  properties  of 
a  fluid  may  be  deduced  from  a  table  of  the  values  of  0  for  all  values 
of  V  and  t ;  and  experimental  methods  connected  with  the  experi- 
mental researches  proposed  in  the  author's  last  paper,  are  suggested 
for  determining  values  of  9  for  a  gaseous  fluid  mass. 

On  a  Mechanical  Theorj'-  of  Thermo-Electric  CuiTents. 

It  was  discovered  by  Peltier  that  heat  is  absorbed  at  a  surface  of 
contact  of  bismuth  and  antimony  in  a  compound  metallic  conductor, 
when  electricity  traverses  it  from  the  bismuth  to  the  antimony,  and 
that  heat  is  generated  when  electricity  traverses  it  in  the  contrary 
direction.     This  fact,  taken  in  connection  with  Joule's  law  of  the 
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electrical  generation  of  heat  in  a  homogeneous  metallic  conductor, 
suggests  the  following  assuraj)tion,  which  is  the  foundation  of  the 
theory  at  present  laid  before  the  Royal  Society. 

When  electricity  passes  in  a  current  of  uniform  strength  y  through 
a  heterogeneous  linear  conductor,  no  part  of  which  is  permitted  to  vary 
in  temperature,  the  heat  generated  in  a  given  time  is  expressible  by  the 
formula 

Ay  +  ByS 

where  A,  tchich  may  be  either  positive  or  negative,  and  B,  tchich  is 
essentially  positive,  denote  quantities  independent  of  y. 

The  fundamental  equations  of  the  theory  are  the  following  : — 

Fy  =  J(ySa,+  ByO (a) 

Sa,=Sa,(l-e-r-/T'"''), (b) 

where  F  denotes  the  electromotive  force  (considered  as  of  the  same 
sign  with  y,  when  it  acts  in  the  direction  of  the  current)  which  must 
act  to  i:)roduce  or  to  permit  the  current  y  to  circulate  uniformly 
through  the  conductor ;  J  the  mechanical  equivalent  of  the  thermal 
unit ;  a^  y  the  quantity  of  heat  evolved  in  the  unit  of  time  in  all 
parts  of  the  conductor  which  are  at  the  temperature  i  when  y  is  in- 
finitely small ;  p  "  Carnot's  function"  of  the  temperature  t*  ;  T  the 
temperature  of  the  coldest  part  of  the  circuit ;  and  S  a  summation 
including  all  parts  of  the  circuit. 

The  first  of  these  equations  is  a  mere  expression  of  the  equivalence, 
according  to  the  principles  established  by  Joule,  of  the  work,  F  yf, 
done  in  a  unit  of  time  by  the  electromotive  force,  to  the  heat  deve- 
loped, which,  in  the  circumstances,  is  the  sole  effect  produced.  The 
second  is  a  consequence  of  the  first  and  of  the  following  equation  : — 

0.y=^2a  y.(^-T), .•.•;•       ^""^ 

where  f  denotes  the  electromotive  force  when  y  is  infinitely  small, 
and  when  the  temperatures  in  all  parts  of  the  circuit  are  infinitely 
nearly  equal.  This  latter  equation  is  an  expression,  for  the  present 
circumstances,  of  the  proposition  J  (fii-st  enunciated  by  Carnot,  and 
first  established  in  the  dynamical  theory  by  Clausius)  that  the  ob- 
taining of  mechanical  effect  from  heat,  by  means  of  a  perfectly  re- 
versible arrangement,  depends  in  a  definite  manner  on  the  transmis- 
sion of  a  certain  quantity  of  heat  from  one  body,  to  another  at  a  lower 
temperature .  There  is  a  degree  of  uncertainty  in  the  present  appli- 
cation of  this  principle,  on  account  of  the  conduction  of  heat  that 
must  necessarily  go  on  from  the  hotter  to  the  colder  parts  of  the 

*  The  values  of  this  function,  calculated  from  Regnault's  observations, 
and  the  hypothesis  that  the  density  of  saturated  steam  follows  the  '*  gaseous 
laws,"  for  every  degree  of  temperatm-e  from  U°  to  230°  Cent.,  ai"e  shown  in 
Table  I.  of  the  author's  '•  Account  of  Cai-not's  Theorj',"  Transactions,  vol. 
xvi.  p.  541. 

t  See  Philosophical  Magazine,  Dec.  1851,  "  On  Apphcations  of  the  Prin- 
ciple of  Mechanical  Effect,"  &c. 

X  "  DjTiamical  Theorv  of  Heat"  (Transactions,  vol.  xx.  part  ii.).  Prop. 
II.  &c. 
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circuit ;  an  agency  which  is  not  reversed  when  the  direction  of  the 
current  is  changed.  As  it  cannot  be  shown  that  the  thermal  effect 
of  this  agency  is  infinitely  small,  compared  with  that  of  the  electric 
current,  unless  y  be  so  large  that  the  term  By",  expressing  the 
thermal  effect  of  another  irreversible  agency,  cannot  be  neglected, 
the  conditions  required  for  the  application  of  Carnot  and  Clausius's 
principle,  according  to  the  demonstrations  of  it  which  have  been 
already  given,  are  not  completely  fulfilled  :  the  author  therefore  con- 
siders that  at  present  this  part  of  the  theory  requires  experimental 
verification. 

1 .  A  first  application  of  the  theory  is  to  the  case  of  antimony  and 
bismuth ;  and  it  is  shown  that  the  fact  discovered  by  Seebeck  is,  ac- 
cording to  equation  (c),  a  consequence  of  the  more  recent  discovery 
of  Peltier  referred  to  above, —  a  partial  verification  of  the  only  doubtful 
part  of  the  theory  being  thus  afforded. 

2.  If  9y  denote  the  quantity  of  heat  evolved  [or  —  6y  the 
quantity  absorbed]  at  the  surface  of  separation  of  two  metals  in  a 
compound  circuit,  by  the  passage  of  a  current  of  electricity  of  strength 
y  across  it,  when  the  temperature  t  is  kept  constant ;  and  if  cp  denote 
the  electromotive  force  produced  in  the  same  circuit  by  keeping  the 
two  junctions  at  temperatures  t  and  V ,  which  differ  from  one  another 
by  an  infinitely  small  amount,  the  magnitude  of  this  force  is  given 
by  the  equation 

<p=eiJL{t'  —  t) (d) 

and  its  direction  is  such,  that  a  current  produced  by  it  would  cause 
the  absorption  of  heat  at  the  hotter  junction,  and  the  evolution  of 
heat  at  the  colder.  A  complete  experimental  verification  of  this  con- 
clusion would  fully  establish  the  theory. 

3.  If  a  current  of  electricity,  passing  from  hot  to  cold,  or  fi"om  cold 
to  hot,  in  the  same  metal  produced  the  same  thermal  effects ;  that 
is,  if  no  term  of  Sa^  depended  upon  variation  of  temperature  from 
point  to  point  of  the  same  metal ;  we  should  have,  by  equation  (a), 

0=J — (t'—t)  ;  and  therefore,  by  (d),  _--=_9/Lt. 
dt  dt     J 

From  this  we  deduce 

e=eo^      '       ;  and^=(i'-Oi"eo£''^"      • 

A  table  of  the  values  of  — -f — -  for  every  tenth  degree  from  0  to 

Go(^  — t) 
230  is  given,  according  to  the  values  of  ju*.  used  in  the  author's 
previous  papers  ;  showing,  that  if  the  hypothesis  just  mentioned  were 
true,  the  thermal  electromotive  force  corresponding  to  a  given  very 
small  difference  of  temperatures,  would,  for  the  same  two  metals,  in- 
crease veiy  slowly,  as  the  mean  absolute  temperature  is  raised.    Or, 

*  The  unit  offeree  adopted  in  magnetic  and  electro-magnetic  researches, 
being  that  force  -which,  acting  on  a  unit  of  matter,  generates  a  unit  of  ve- 
locity in  the  unit  of  time,  the  values  n  and  J  used  in  this  paper  are  obtained 
by  multiphang  the  values  used  in  the  author's  former  papers,  by  32'2, 

2M3 
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JE    ^ 
if  Mayer's  liypothcsis,  which  leads  to  the  expression  .■     v-,-  for  fi, 

were  true,  the  electromotive  force  of  the  same  pair  of  metals  would 
be  the  same,  for  the  same  difference  of  temperatures,  whatever  be 
the  absolute  temperatures.  Whether  the  values  of  /j  previously 
found  were  correct  or  not,  it  would  follow,  from  the  preceding  expres- 
sion for  <p,  that  the  electromotive  force  of  a  thermo-electric  pair  is 
subject  to  the  same  law  of  variation,  with  the  temperatures  of  the 
two  junctions,  whatever  be  the  metals  of  which  it  is  composed.  This 
result  being  at  variance  with  known  facts,  the  hypothesis  on  which 
it  is  founded  must  be  false  ;  and  the  author  arrives  at  the  remark- 
able conclusion,  that  an  electric  current  jjroduces  different  thermal 
effects,  according  as  it  passes  from  hot  to  cold,  or  from  cold  to  hot,  in 
the  same  metal. 

4.  If  b{t'  —  t)  be  taken  to  denote  the  value  of  the  part  of  Sa^ 
which  depends  on  this  circumstance,  and  which  corresponds  to  all 
parts  of  the  circuit  of  which  the  temperatures  lie  within  an  infinitely 
small  range  ttot' ;  the  equations  to  be  substituted  for  the  preceding 
are, 

at 
and  therefore,  by  (rf), 

-+^=-^9^ (/) 

5.  The  following  expressions  for  F,  the  electi'omotive  force  in  a 
thermo-electric  pair,  with  the  two  junctions  at  temperatures  S  and  T, 
differing  by  -amy  finite  amount,  are  then  established  in  terms  of  the 
preceding  notations,  with  the  addition  of  suffixes  to  denote  the  par- 
ticular values  of  9  for  the  temperatures  of  the  junctions. 

F=/;^9c/^=.I{93-9^+/;^rfO  I 

=j(9g(i-e-7/T%''o+y;^'-&(i-e~j/T'"'0'^o  j  ^ 

6.  it  has  been  shown  by  Magnus,  that  no  sensible  electromotive 
force  is  produced  by  keeping  the  different  parts  of  a  circuit  of  one 
homogeneous  metal  at  different  temperatures,  however  different  their 
sections  may  be.  It  is  concluded  that  for  this  case  .^=0  ;  and  there- 
fore that,  for  a  thermo-electric  element  of  two  metals,  we  must 
have 

where  '4',  and  ^^  denote  functions  depending  solely  on  the  qualities 
of  the  two  metals,  and  expressing  the  thermal  effects  of  a  current 
passing  through  a  conductor  of  either  metal,  kept  at  different  uni- 
form temperatures  in  different  parts.  Thus,  with  reference  to  the 
metal  to  which  ^|  corresponds,  if  a  current  of  strength  y  pass 
through  a  conductor  consisting  of  it,  the  quantity  of  heat  absorbed 
in  any  infinitely  small  part  PP'  is  '^'i  {t)  (t'—t)y,  if  t  and  t'  be  the 
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temperatures  at  P  and  P'  respectively,  and  if  the  current  be  in  the 
direction  from  P  to  P'.  An  application  to  the  case  of  copper  and  iron 
is  made,  in  which  it  is  shown  that,  if  ""P",  and  ■>?.,  refer  to  these  me- 
tals respectively,  if  S  be  a  certain  temperature  defined  below  (which, 
according  to  Regnault's  observations,  cannot  differ  much  from  240° 
Cent.),  and  if  T  be  any  lower  temperature,  we  have 

since  the  experiments  made  by  Becquerel  lead  to  the  conclusion,  that 
at  a  certain  high  temperature  iron  and  copper  change  their  places  in 
the  thermo-electric  series  (a  conclusion  which  the  author  has  expe- 
rimentally verified),  and  if  this  temperature  be  denoted  by  S,  we 
must  consequently  have  0  _0. 

The  quantities  denoted  by  9    and  F  in  the  preceding  equation 

being  both  positive,  it  is  concluded  that  when  a  thermo-electric  cttrrent 
passes  through  a  piece  of  iron  frora  one  end  kept  at  about  240°  Cent.,  to 
the  other  end  kept  cold,  in  a  circuit  ofivhich  the  remainder  is  copper,  in- 
cluding a  long  I'esistance  wire  of  uniform  temperature  throughout,  or  an 
electro-magnetic  engine  raising  weights,  there  is  heat  evolved  at  the  cold 
Junction  of  the  copper  and  iron,  and  {no  heat  being  either  absorbed  or 
evolved  at  the  hot  junction)  there  must  be  a  quantity  of  heat  absorbed 
on  the  whole  in  the  rest  of  the  circuit.  When  there  is  no  engine  raising 
weights  in  the  circuit,  the  sum  of  the  quantities  evolved  at  the  cold 
Junction  and  generated  in  the  "  resistance  wire  "  is  equal  to  the  quantity 
absorbed  on  the  tchole  in  the  other  parts  of  the  circuit.  When  there  is 
an  engine  in  the  circuit,  the  sum  of  the  heat  evolved  at  the  cold  Junc- 
tion and  the  thermal  equivalent  of  the  weights  raised,  is  equal  to  the 
quantity  of  heat  absorbed  on  the  ichole  in  all  the  circuit  except  the  cold 
Junction. 

7.  An  application  of  the  theory  to  the  case  of  a  circuit  consisting 
of  several  different  metals  shows  that  if 

^(A,B),  (^(B,C),  <^(C,D)     ....     0(Z,A) 

denote  the  electromotive  forces  in  single  elements,  consisting  respect- 
ively of  different  metals  taken  in  order,  with  the  same  absolute  tem- 
peratures of  the  junctions  in  each  element,  we  have 

(p(A,B)  +  0(B,C)+<^(C,D)  .  .  +^(Z,A)=0, 
which  expresses  a  proposition,  the  truth  of  which  was  first  pointed 
out  and  experimentally  verified  by  Becquerel.  A  curious  experi- 
mental verification  of  this  proposition  (so  far  as  regards  the  signs  of 
the  terms  of  the  equation)  was  made  by  the  author,  with  refer- 
ence to  certain  specimens  of  platinum  wire  and  iron  and  copper 
wires.  He  had  observed  that  the  platinum  wire,  Avith  iron  wires 
bent  round  its  ends,  constituted  a  less  powerful  thermo-electric  ele- 
ment than  an  iron  wire  with  copper  wires  bent  round  its  ends,  for 
temperatures  within  atmospheric  limits.  He  tried,  in  consequence, 
the  platinum  wire  with  copper  Avires  bent  round  its  ends,  and  con- 
nected with  the  ends  of  a  galvanometer  coil ;  and  he  found  that,  with 
temperatures  within  atmospheric  limits,  a  current  passed  from  the 
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copper  to  the  platinum  through  the  hot  junction,  and  concluded  that, 
in  the  thermo-electric  series 

Antimony,  Iron,  {pEum,  }  bismuth, 

this  platinum  wire  must,  at  ordinary  temperatures,  be  between  iron 
and  copper.  He  found  that  the  platinum  wire  retained  the  same 
properties  after  having  been  heated  to  redness  in  a  spirit-lamp  and 
cooled  again  ;  but  with  temperatures  above  some  limit  itself  con- 
siderably below  that  of  boiling  water,  he  found  that  the  iron  and  pla- 
tinum constituted  a  more  powerful  thermo-electric  element  than  the 
iron  and  copper  ;  and  he  verified  that  for  such  temperatures,  in  the 
platinum  and  copper  element  the  current  was  from  the  platinum  to  the 
copper  through  the  hot  junction,  and  therefore  that  the  copper  now 
lay  between  the  iron  and  the  platinum  of  the  series,  or  in  the  position 
in  which  other  observers  have  generally  found  copper  to  lie  with 
reference  to  platinum.  A  second  somewhat  thinner  platinum  wire 
was  found  to  lie  invariably  on  the  negative  side  of  copper,  for  all 
temperatures  above  the  freezing-point ;  but  a  third,  still  thinner, 
possessed  the  same  property  as  the  first,  although  in  a  less  marked 
degree,  as  the  superior  limit  of  the  range  of  temperatures  for  which 
it  was  positive  towards  copper  was  lower  than  in  the  case  of  the  first 
wire.  By  making  an  element  of  the  first  and  third  platinum  wire, 
it  was  found  that  the  former  was  positive  towards  the  latter,  as  was 
to  be  expected. 

In  conclusion,  various  objects  of  experimental  research  regarding 
thermo-electric  forces  and  currents  are  pointed  out,  and  methods  of 
experimenting  are  suggested.  It  is  pointed  out  that,  failing  direct 
data,  the  absobite  value  of  the  electromotive  force  in  an  element  of 
copper  and  bismuth,  with  its  two  junctions  kept  at  the  temperatures 
0°  and  100°  Cent.,  may  be  estimated  indirectly  from  Pouillet's  com- 
parison of  the  strength  of  the  current  it  sends  through  a  copper 
wire  20  metres  long  and  1  millimetre  in  diameter,  with  the  strength 
of  a  current  decomposing  water  at  an  observed  rate ;  by  means  of 
determinations  by  Weber,  and  of  others,  of  the  specific  resistance  of 
copper  and  the  electro-chemical  equivalent  of  water,  in  absolute  units. 
The  specific  resistances  of  different  specimens  of  copper  having  been 
found  to  differ  considerably  from  one  another,  it  is  impossible,  with- 
out experiments  on  the  individual  wire  used  by  M.  Pouillet,  to  deter- 
mine with  much  accuracy  the  absolute  resistance  of  his  circuit;  but 
the  author  has  estimated  it  on  the  hypothesis  that  the  specific  resist- 
ance of  its  substance  is  2\  British  units.  Taking  "02  as  the  electro- 
chemical equivalent  of  water  in  British  absolute  units,  the  author  has 
thus  found  1 6300  as  the  electromotive  force  of  an  element  of  cop- 
per and  bismuth,  with  the  two  junctions  at  0'  and  100°  respectively. 
About  154  of  such  elements  would  be  required  to  produce  the  same 
electromotive  force  as  a  single  cell  of  Daniell's,  if  all  the  chemical 
action  in  a  Daniell's  battery  were  electrically  efficient  A  battery  of 
1000  copper  and  bismuth  elements,  with  the  two  sets  of  junctions  at  0° 
and  100°  Cent,,  employed  to  work  a  galvanic  engine,  if  the  resistance 
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in  the  whole  circuit  be  equivalent  to  that  of  a  copper  wire  of  about  100 
feet  long  and  about  one-eighth  of  an  inch  in  diameter,  and  if  the  engine 
be  allowed  to  move  at  such  a  rate  as  by  inductive  reaction  to  diminish 
the  strength  of  the  current  to  the  half  of  what  it  is  when  the  engine 
is  at  rest,  would  produce  mechanical  effect  at  the  rate  of  about  one- 
fifth  of  a  horse-power.  The  electromotive  force  of  a  copper  and  bis- 
muth element,  with  its  two  junctions  at  0°  and  1°,  being  found  by 
Pouillet  to  be  about  -^00  °^  *^^  electromotive  force  when  the  junc- 
tions are  at  0°  and  100°,  must  be  about  163.  The  value  of  Qq  for 
copper  and  bismuth,  according  to  these  results  (and  to  the  value 
160*16  of  /Li  at  0°),  or  the  quantity  of  heat  absorbed  in  a  second  of 
time  by  a  current  of  unit  strength  in  passing  from  bismuth  to  copper, 
when  the  temperature  is  kept  at  0°,  is  ^Si^^  01^  very  nearly  equal  to 
the  quantity  required  to  raise  the  temperature  of  a  grain  of  water 
from  0°  to  1°  Cent. 
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April  23,  1852. — On  the  Analogies  of  Light  and  Heat.  By  the 
Rev.  Baden  Powell,  M.A.,  F.R.S.,  &c.,  Sa^^Uan  Professor  of  Geo- 
metry,  Oxford. 

The  researches  of  Sir  W.  Herschel,  Sir  J.  Leslie,  M.  De  la  Roche, 
and  others,  long  since  established  the  existence  of  well-marked  dif- 
ferences in  character,  not  only  between  the  radiation  from  the  sun 
and  that  from  terrestrial  sources,  but  even  among  these  latter, 
according  as  the  source  was  luminous  or  not ;  and  this  especially  as 
regarded  its  transmissibility  through  various  screens  and  the  absorp- 
tive effect  of  different  surfaces. 

But  the  most  striking  peculiarity  in  the  radiation  from  flame  was 
established  by  Sir  W.  Herschel  and  afterwards  extended  to  gas-lights 
by  Mr.  Brande,  in  that,  even  at  considerable  distances,  after  passing 
through  a  thick  glass  lens,  without  heating  it,  the  concentrated  rays 
produced  heat  on  a  blackened  thermometer  at  the  focus,  exactly  as  in 
the  case  of  the  solar  rays. 

This  pointed  to  a  peculiar  distinction  (also  recognised  by  Sir  J. 
Leslie),  and  showed  that  the  mere  proportion  of  heat  transmitted  by 
a  screen  (as  in  De  la  Roche's  experiments)  was  not  the  essential 
characteristic,  but  that  further  distinction  as  to  the  specific  nature  of 
the  rays,  was  wanted.  This  want  it  was  attempted  in  some  measure 
to  supply  in  some  experiments  by  the  author  of  this  paper  (Phil. 
Trans.  1825),  in  which  the  character  of  the  different  rays  as  to  trans- 
missibility through  screens  was  examined  in  combination  unth  the 
conditions  of  the  absorbing  surface. 

This  last  is  a  point  even  yet  little  understood  ;  but  thus  much  is 
clear : — 

(1)  A  certain  peculiarity  of  texture  in  the  external  lamina  is 
favourable  to  the  absorption  of  radiant  heat,  probably  in  all  cases. 

(2)  Darkness  of  colour  is  peculiarly  favourable  to  the  effect /or  the 
suns  rays,  and  wholly  overrules  the  first  condition. 

In  terrestrial  luminous  hot  bodies  it  does  so  to  an  extent  sufficient 
to  give  very  marked  indications.     But  this  (as  the  author  showed. 
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in  the  experiments  referred  to)  applies  to  that  portion  only  of  the 
compound  ravs,  Avhich  is  also  transmissible  through  glass ;  the 
non-transmissible  portion  is  subject  wholly  to  the  former  condition, 
as  are  all  the  rays  from  non-luminous  sources  (as  was  shown  by  Leslie 
and  others). 

Hence  the  distinction  of  at  least  ttco  species  of  heating  rays 
emanating  at  the  same  time  from  the  same  luminous  source. 

From  the  neglect  of  this  distinction  much  confusion  has  been  kept 
up  ;  and  statements  involving  such  confusion  have  been  repeated 
from  one  elementary  treatise  to  another. 

Again,  notwithstanding  that  the  experiments  of  Leslie  and  others 
on  the  absorption  of  heat  from  non-luminous  sources,  as  well  as  those 
of  Professor  Bache  on  the  radiation  from  surfaces,  demonstrate  that 
the  effect  has  no  relation  wliatever  to  colour,  yet  the  contrary  asser- 
tion has  been  often  persisted  in. 

Again,  "  dark  heat"  is  often  spoken  of  without  recollecting  that 
rays  of  the  ven,'  same  quality  and  properties  exist  in  the  compound 
radiation  from  luminous  sources. 

The  conclusions  drawn  from  later  experiments  (performed  with 
all  the  advantages  derived  from  the  beautiful  invention  of  the  thermo- 
electric instrument  of  Nobili),  in  many  instances,  are  still  vague, 
from  want  of  attention  to  the  distinction  of  different  species  of  heat 
emanating  at  the  same  time  from  the  same  source. 

Melloni,  in  a  most  extensive  and  valuable  series  of  experiments, 
taking  as  the  sources  of  heat  successively  flame,  incandescent  metal, 
boiling  mercury,  and  boiling  water,  and  applying  in  each  instance  a 
long  series  of  substances  as  screens,  estimated  the  proportion  of  rays 
out  of  100  stopped,  which  was  very  different  for  each  screen  and 
each  source  :  evincing  wide  differences  in  "  diathermaneity ,"  while 
rock-salt  alone  was  almost  totally  "  diathermanous  "  to  rays  from  all 
sources  alike. 

But  we  must  still  ask,  what  species  of  rays  were  those  respectively 
stopped  and  transmitted?  To  take  the  per -cent  age  simply  is  ambi- 
guous; the  body  of  rays  is  not  homogeneous;  the  property  of  trans- 
missibility  should  be  viewed  in  combination  with  other  properties  of 
the  specific  rays,  such  as  those  evinced  in  their  relations  to  the 
texture  or  colour  of  the  absorbing  surface. 

Nor  is  the  ambiguity  removed,  though  the  difference  of  source  is 
specially  referred  to,  if  the  heterogeneity  of  rays  from  the  same 
source  be  overlooked.  The  mere  classification  of  sources  into  lumi- 
nous and  non-luminous  will  not  sufiice  ;  still  less  a  reference  to  their 
temperaitires,  it  being  perfectly  well  known  that  the  temperature  of 
luminosity  is  very  different  for  different  substances*. 

Again,  Melloni  has  showii  that  the  diathermaneity  is  not  proportional 
to  transparency,  by  a  classified  series  of  transparent  screens  with  the 
lamp. 

It  must  however  be  recollected  that  the  term  "  diathermaneity  " 

*  References  in  detail  to  all  the  different  researches  here  mentioned,  will 
be  found  in  the  author's  two  Reports  on  the  state  of  our  knowledge  of 
Radiant  Heat  in  the  British  Association  Reports,  1832  and  1840. 
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is  applied  indiscriminately  to  a  heterogeneous  body  of  rays  ;  out  of 
which  some  species  of  rays  are  entirely  stopped,  others  entirely  trans- 
mitted ;  and  the  great  differences  in  "  diathermaneity  "  for  heat  from 
different  sources,  which  Melloni  has  also  established,  are  nothing  else 
than  absorption  of  peculiar  rays  by  each  medium,  not  more  anoma- 
lous than  the  corresponding  absorptions  of  luminous  rays  by  different 
transparent  media  so  little  as  yet  reduced  to  law. 

While  rock-salt  is  analogous  to  colourless  media  for  light,  alum  on 
the  other  hand  is  totally  impermeable  by  heat  from  dark  sources,  and 
partialljr  so  by  rays  from  the  lamp  ;  that  is,  wholly  impermeable  for 
that  portion  of  the  rays  which  are  of  the  same  kind  as  those  from  non- 
luminous  sources,  and  permeable  to  the  others. 

By  other  sets  of  experiments  Melloni  showed  that  rays  from  the 
lamp  transmitted  indifferent  proportions  by  various  screens  and  then 
equalized,  were  afterwards  transmitted  by  alum  in  equally  various 
proportions;  or  as  he  expresses  it,  "  possess  the  diathermancy  peculiar 
to  the  substances  through  which  they  had  passed." 

But  this  implies  no  new  jjroperty  communicated  to  the  rays. 
It  shows  that  as  different  specific  rays  out  of  the  compound  beam 
were  transmitted  in  each  case  by  the  first  screen,  alum,  though  im- 
pervious to  the  lower  heating  rays,  is  permeable  by  these  higher 
rays  ;  and  in  different  degrees  according  to  their  nature  ;  an  effect 
simply  dependent  on  the  heterogeneity  of  the  compound  rays  from 
a  lamp. 

Again,  with  differently  coloured  glasses  peculiar  differences  of  dia- 
thermaneity were  exhibited  with  rays  from  a  lamp,  incandescent 
metal,  and  the  sun  ;  but  not  more  various  or  anomalous  than  the 
absorption  of  specific  rays  of  light. 

And  besides  considerations  of  this  kind,  it  must  always  be  borne 
in  mind  that  a  blackened  surface  (like  that  which  was  used  in  all 
these  experiments)  itself  is  unequally  absorptive  for  the  different  rays. 

The  solar  heat  being  fi-eely  transmissible  through  all  colourless 
transparent  media  along  with  the  light,  there  would  be  no  peculiar 
advantage  in  experimenting  on  the  solar  spectrum  formed  by  a 
rock-salt  prism.  Melloni  however  with  such  a  prism,  on  interposing 
a  thick  screen  of  water,  found  the  most  heating  rays  (/.  e.  those  at 
or  beyond  the  red  end)  intercepted,  as  they  are  known  to  be  by 
water  ;  and  this  caused  the  position  of  the  relative  maximum  to  be 
apparently  shifted  higher  up  in  the  spectrum,  even  to  the  position  of 
the  green  ray. 

On  the  other  hand,  many  coloured  glasses,  he  found,  absorbed  the 
rays  in  various  proportions,  yet  they  left  the  point  of  maximum  heat 
unaltered;  i.e.  though  variously  absorptive  for  the  higher  rays,  they 
were  not  of  a  nature  to  stop  the  loAver,  or  most  heating  rays. 

One  result  indeed  is  recorded  which  seems  at  variance  with  all 
other  experiments  on  the  solar  rays  :  a  peculiar  green  glass  (tinged 
by  oxide  of  copper)  was  found  to  absorb  so  entirely  all  the  most 
heating  ray^s  that  the  remaining  portion  produced  no  heat,  though 
when  concentrated  by  a  lens  they  gave  a  brilliant  focus.  Sj^eaking 
generally,  however,  these  experiments  only  confirm  what  is  on  all 
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hands  admitted,  viz.  that  the  illuminating  and  heating  powers  follow 
very  different  laAvs  with  relation  to  the  different  rays. 

The  grand  discovery  by  Melloni  of  the  true  refraction  of  heat, 
even  of  that  kind  which  constitutes  the  whole  radiation  from  dark 
sources,  by  means  of  the  rock-sa/t  lens  and  prism,  and  its  extension 
by  Professor  Forbes  to  the  determination  of  the  index  of  refraction 
(/[*)  for  the  most  heating  rays  from  all  sources,  both  luminous  and 
non-luminous,  gave  the  lirst  actual  proof  of  the  real  analogy  of  the 
propagation  of  heat  by  waves  in  an  etherial  medium :  which  was 
further  carried  out  when  it  was  shown  from  Cauchy's  theory  that 
for  different  wave-lengths  (\)  there  must  be  in  every  medium  a 
certain  limit  of  all  refrangibility  :  that  is,  as  we  suppose  (X)  to  in- 
crease, large  changes  in  (\)  will  give  continually  smaller  changes  in 
(jj.),  and  when  (\)  is  very  great  compared  with  (Ax)  the  intervals  of 
the  molecules,  then  the  index  (^)  assumes  its  limiting  value,  which 
is  not  greatly  below  that  for  the  extreme  red  ray,  and  with  this,  the 
index  for  the  lowest  heat  coincides. 

This  is  seen  directly  from  the  formula  * 

—  =  P— Q  (  —  )  +  R  ( —  )  — &c.,  which,  when  we  suppose 
A'"'  \  ''^  /  \  ^  / 

I  —  I  =0,  will  have  for  its  limiting  vs 

The  results  from  observation  for  rock-salt  compared  with  this 
theory,  are  as  follows  : — 
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But  it  is  to  the  capital  fact  established  by  Professor  Forbes,  of  the 
polarization  of  heat  from  dark  sources  (for  with  luminous  sources 
little  doubt  could  exist),  with  all  its  remarkable  train  of  consequences, 
that  the  complete  analogy  with  light  is  seen  in  the  most  uninter- 
I'upted  point  of  view  ; — the  transverse  vibrations,  the  depolarization, 
the  consequent  interferences,  the  production  of  circular  and  elliptic 
vibrations  under  the  proper  conditions, — to  those  familiar  with  the 
wave- theory  present  an  irresistible  accumulation  of  proof  of  the 
identity  of  the  rays  of  heat  with  a  succession  of  waves  in  an  etherial 
medium ;  exhibiting  different  properties  in  some  dependence  on  their 
wave-lengths. 

*  See  the  author's  Treatise  "  On  the  Undulatoi-j'  Theor}'  applied  to  the 
Dispersion  of  Light,"  &c.     London,  J.  W.  Parker,  1841,  pp.  71-122. 


Royal  Institution.  539 

Among  the  most  recent  researches  on  the  subject  are  those  of 
Mr.  Knoblauch  (of  which  a  translation  is  given  in  Taylor's  Foreign 
Scientific  Memoirs,  Part  xviii.  and  xix.),  and  they  are  not  to  be  sur- 
passed for  extent  and  accuracy  of  detail. 

One  series  is  devoted  to  the  examination  of  the  alleged  differences 
in  radiation  of  heat  proportioned  to  the  temperatiire  of  the  source. 
This,  as  before  observed,  is  an  untenable  hypothesis,  but  Mr.  Knob- 
lauch distinctly  refutes  it  by  a  series  of  experiments  on  alcohol  flame, 
red-hot  metal,  hydrogen  flame,  and  an  Argand  lamp,  vi'hose  tempera- 
tures are  in  the  order  of  enumeration  beginning  with  the  highest ; 
but  the  power  of  their  heat  to  penetrate  screens  is  found  to  follow 
exactly  the  reverse  order.  And  even  with  lower  stages  of  heat,  the 
effects  bear  no  proportion  to  the  temperatures  as  such.  Hence  the 
effect  is  evidently  not  due  to  a  mere  extrication  of  the  heat  of  tem- 
perature, but  is  of  a  peculiar  Idnd.  In  a  word,  agreeably  to  the  pre- 
ceding remarks,  the  different  species  of  rays,  more  or  less  compounded 
together  in  the  several  cases,  exhibit  their  diversities  of  character  in 
developing  heat  by  their  absorption.  One  very  peculiar  result  is,  that 
platinum,  at  a  stage  intermediate  between  red  and  white  heat,  trans- 
mits through  all  the  screens  employed  rather  less  heat  than  when 
at  a  red  heat.  That  is,  these  intermediate  rays  are  of  such  a  wave- 
length as  to  be  subject  to  a  peculiar  absorption  by  these  screens  ; 
while  at  the  same  time  possibly  less  of  the  former  may  be  emitted. 

In  another  section  Mr.  Knoblauch  adverts  to  the  effects  of  surfaces 
on  the  absorption  of  rays,  and  particularly  remarks  (p.  205),  "  The 
experiments  of  B.  Powell  and  Melloni  have  shown  that  one  and  the 
same  body  is  not  uniformly  heated  by  rays  from  different  sources, 
which  exert  the  same  direct  action  on  a  blackened  thermoscope  ;  " 
a  statement  which  does  not  very  intelligibly  express  any  conclusion 
of  the  author's.  Mr.  Knoblauch  however  supports  it  by  elaborate 
experiments,  showing,  as  might  be  anticipated,  that  an  Argand  lamp 
affects  a  surface  of  carmine  less,  and  one  of  black  paper  more,  while 
a  cylinder  heated  to  212°  affects  the  carmine  more  and  the  black 
paper  less. 

Another  extensive  series,  on  the  effect  of  surfaces  on  radiation,  is 
directed  to  .show  that  the  effect  is  independent  of  the  source  whence 
the  heat  so  radiated  was  originally  obtained. 

Among  the  very  multifarious  results  referring  to  screens  and  sur- 
faces obtained  by  Mr.  Knoblauch,  it  can  here  only  be  remarked  that 
none  of  those  varied  facts  appear  to  present  anything  at  variance 
with  the  principles  here  advocated,  while  in  the  general  conclusions 
which  he  ihdicates  at  the  close  of  his  memoir,  the  author,  though 
professedly  avoi^.ing  all  hypothesis,  yet  distinctly  intimates  his  con- 
viction of  the  heterogeneity  of  the  heating  rays  increasing  as  the 
condition  of  the  source  rises  in  the  scale  from  a  low  heat  up  to  lumi- 
nosity' or  combustion :  and  that  the  diversities  of  heating  effect  on 
different  media  are  due  to  a  selective  absorption  of  particular  species 
of  rays,  from  peculiarities  in  the  nature  of  those  substances,  and 
analogous  to  the  absorption  of  particular  rays  of  light  by  coloured 
media. 
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It  must  not  however  be  omitted  to  notice,  however  briefly,  another, 
recent  set  of  researches  of  high  interest,  those  of  M.  Silberman ;  in 
which  (among  others)  the  very  remarkable  fact  is  established,  that 
on  transmitting  a  naiTow  ray  of  heat  from  a  heated  wire,  through 
rock-crystal,  there  is  a  singular  difference  according  as  the  ray  passes 
parallel  or  perpendicular  to  the  axis  of  the  crystal  :  the  effect  being 
indicated  by  having  the  further  side  of  the  ci-ystal  coated  with  a  fine 
composition  of  wax,  the  portion  of  which  in  the  direction  of  the  ray 
is  melted  in  a  circular  form  in  the  first  instance  and  in  ar^  elliptical, 
in  the  second. 

The  general  fact  of  the  heterogeneity  of  heating  rays,  especially 
from  luminous  sources,  is  fully  recognised  by  Melloni  as  in  some 
sense  the  conclusion  from  all  his  experiments. 

The  hypothesis  that  this  heterogeneity  consists  simply  in  differences 
of  wave-length  would  seem  a  probable  one  ;  though  it  is  still  possi- 
ble, as  Professor  Forbes  suggests,  that  some  other  element  may  also 
enter  into  the  conditions. 

This  view  has  been  extended  by  M.  Ampere  so  as  to  refer  both 
luminous  and  heating  effects  to  the  same  rays  : — a  view  controverted 
by  Melloni,  chieflj'  on  the  ground,  evinced  by  several  classes  of 
experiments,  that  the  intensity  of  the  heating  effect  (especially  in  the 
solar  ray?)  follows  no  pj'oportion  to  that  of  illumination  ;  an  argu- 
ment which  really  amounts  to  little,  unless  the  theory  obliged 
us  to  infer  that  the  amount  of  illumination  must  follow  the  same 
law  as  that  of  heat ;  v/hich  it  manifestly  does  not ;  since  tbe 
nature  of  the  effect  in  the  one  case  is  wholly  dependent  on  the 
unknown  constitution  of  the  optic  nerve ;  according  to  which  some 
precise  proportion  of  the  impinging  vibrations,  with  a  particular 
wave-length,  is  that  which  gives  the  greatest  perfection  of  vision  ; 
while  for  heat  the  effect  has  no  reference  to  such  peculiar  conditions, 
but  is  dependent  in  some  way  on  longer  wave-lengths,  and  pro- 
bably more  simply  connected  with  the  intensity  or  amplitude  of 
the  vibrations. 

On  this  theory  our  view  of  the  case  would  be  thus  : — 

A  body  heated  below  luminosity  begins  to  give  out  rays  of  large 
wave-length  only.  As  it  increases  in  luminosity  it  continues  to  send 
out  these,  and  at  the  same  time  others  of  diminishing  wave-lengths, 
till  at  the  highest  stage  of  luminosity  it  gives  out  rays  of  all  wave- 
lengths from  those  of  the  limit  gi-eater  than  the  red  end  of  the 
spectrum,  to  those  of  the  violet  end,  or  possibly  less. 

Rays  of  all  these  species  are  transmissible  and  refrangible  by  rock- 
salt;  and  many  of  them  with  numerous  specific  distinctions  by  other 
media. 

They  are  all  inore  or  less  capable  of  exciting  heat  when  absorbed 
or  stopped ;  though  in  some  the  eflTect  is  perhaps  insensible.  Both 
this  property  and  that  of  their  transmissibility  seems  to  depend  in 
some  way  on  the  wave-length,  though  in  no  simple  ratio  to  it. 

The  absorptive  effect  due  to  texture  of  surfaces  has  some  direct 
relation  to  the  magnitude  of  the  wave-length,  especially  near  the 
limit ;    while  that  due  to  darkness  of  colour  is  connected   with 
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shorter  wave-lengths,  such  as  belong  to  rays  within  the  limits  of  the 
light  spectrum:  and  in  any  case  when  a  ray  impinges  on  any  absorb- 
ing substance,  its  vibrations,  being  stopped,  communicate  to  the  mole- 
cules of  the  body  -s-ibratory  movements  of  such  a  kind  as  constitute 
heat  of  temperature. 

The  peculiar  molecular  constitution  of  bodies  which  determines 
their  permeability  or  impermeability  to  rays  of  any  species,  gives  rise 
to  all  the  diversities  of  effect,  whether  luminous  or  calorific.  We 
thus  escape  all  such  crude  ideas,  at  once  difficult  and  unphilosophical, 
as  those  either  of  two  distinct  material  emanations  producing  respect- 
ively heat  and  light,  or  of  a  conversion  of  one  into  the  other  ;  and 
obtain  a  view  far  more  simple  and  consistent  with  all  analogy. 


LXXV.  Intelligence  and  Miscellaneous  Articles. 

DR.  KEMP's  PATENT  FOR  A  NEW  METHOD  OF  OBTAINING  MOTITE 
POWER  BY  MEANS  OF  ELECTRO-MAGNETISM. 

MY  invention  of  a  new  method  of  obtaining  power  by  means  of 
electro- magnetism  consists  of  the  mode  hereinafter  described 
of  combining  apparatus  to  be  actuated  by  electro-magnets.  And  in 
order  that  my  invention  may  be  most  fully  understood  and  readily 
carried  into  effect,  I  will  proceed  to  describe  the  means  pursued  by 
me.  I  so  arrange  electro-magneto  apparatus  that  a  series  of  electro- 
magnets are  caused  to  act  in  succession  by  their  armatures  on  the 
same  bar  or  instrument,  and  by  such  bar  or  instrument  I  give  motion 
to  fluids  in  order  to  obtain  and  communicate  power  thereby.  To 
accomplish  this  object  the  armatures  of  several  electro-magnets  are 
fixed  to  stems,  and  the  stems  of  the  armatures  are  to  be  free  to 
move  through  the  bar  or  instrument  which  carries  them.  For  the 
purpose  of  enabling  the  armatures  to  be  acted  on  in  succession  by 
their  magnets,  I  make  the  stem  of  the  armature  which  is  to  be  first 
attracted  somewhat  longer  than  the  next  in  succession,  by  which 
means  the  first  armature  will  be  as  near  as  may  be  to  its  magnet ; 
and  the  next  armatures  being  more  and  more  distant  from  their 
electro-magnets,  therefore  when  the  first  armature  has  been  attracted 
by  its  electro-magnet,  the  others  will  be  moved  nearer  to  their 
electro-magnets,  and  will  consequently  be  brought  into  the  most 
advantageous  position  to  be  attracted  thereby  when  their  turns  come. 
Thus,  supposing  it  to  be  determined  that  each  armature  shall  be 
attracted  through  a  quarter  of  an  inch  by  its  electro- magnet,  and  that 
there  are  to  be  eight  electro-magnets  to  act  on  the  same  bar  or 
magnet,  the  first  armature  before  being  attracted  would  be  at  a  di- 
stance of  a  quarter  of  an  inch  from  its  electro-magnet ;  the  second 
would  be  half  an  inch  from  its  magnet ;  the  third  three  quarters  of 
an  inch  from  its  magnet,  and  so  on  ;  whereby  the  eighth  armature 
would  be  two  inches  from  its  electro-magnet,  and  these  differences 
of  distance  are  to  be  obtained  by  the  stems  (by  which  the  armatures 
are  connected  to  the  bar  or  instrument)  being  made  shorter  and . 
shorter.  By  this  arrangement  it  will  he  evident  that  if  electric 
currents  be  caused  to  pass  in  succession  to  the  coils  of  the  several 
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electro-magnets,  and  in  such  manner  that  the  currents  of  electricity 
havings  caused  the  first  electro-magnet  to  attract  its  armature,  are 
cut  off  therefrom,  and  caused  to  pass  to  the  next  electro-magnet, 
and  so  on  in  regard  to  the  eight  electro-magnets  and  their  armatures ; 
each  armature  before  being  attracted  will  have  been  brought  bj^  the 
movement  of  the  bar  or  instrument  to  within  about  a  quarter  of  an 
inch  of  its  electro-magnet,  the  bar  coming  at  each  step  of  its  move- 
ment nearer  and  nearer  to  the  electro-magnets,  which  it  is  enabled  to 
do  by  the  stems  of  those  armatures  which   have  been  previously 
attracted,  being  enabled  to  slide  back  freely  through  the  bar  or  instru- 
ment which  carries  them.  The  stems  of  the  armatures  are  enabled  to 
draw  the  bar  or  instrument  towards  the  electro-magnets  (when  their 
armatures  are  attracted  by  reason  of  the  stems  ha\ing  projecting 
heads  or  end),  which  prevent  the  stems  from  being  drawn  through 
the  bar  or  instrument  which  carries  them,  whereby,  when  all  the 
electro-magnets  have  attracted  their  armatures,  the  bar  or  instru- 
ment wiU  have  been  moved  two  inches  or  other  distance  according 
as   arrangement  is  made  for  each  of  the  electro-magnets   to   act 
through  a  less  or  larger  space  than  a  quarter  of  an  inch.     It  will  be 
evident  that  this  bar  or  instrument  may  be  arranged  to  give  motion 
to  machinery  in  various  ways  ;  but  I  believe  the  most  convenient 
mode  of  applying  the  power  thus  derived  from  electro-magnets,  wUl 
be  found  to  be  to  affix  one  bar  or  instrument,  such  as  herein  de- 
scribed, to  one  end  of  the  rod  of  a  piston  working  in  a  cylinder,  and 
another  such  bar  or  instrument  to  the  other  end  of  the  piston-rod, 
the  piston  being  in  the  middle  of  the  piston-rod,  and  the  piston-rod 
working  through  stufling-boxes  on  the  covers  at  either  end  of  the 
cylinder.     Each  such  bar  or  instrument  is  to  be  fixed  in  the  manner 
of  a  cross-head  to  the  piston-rod,  and  to  be  guided  in  its  movement 
to  and  fro,  and  is  to  be  provided  with  armatures  on  stems  as  herein 
described,   and  sets  of   electro-magnets  to  attract  the  same,  and 
capable  of  being  brought  into  action  in  succession,  as  above  explain- 
ed, and  as  will  be  readily  understood  by  workmen  accustomed  to 
making  electro-magneto  apparatus  ;  by  which  means  the  piston  in 
the  cylinder  may  be  moved  first  in  one  direction  and  then  in  the 
other.     In  order  that  the  armatures  may  be  in  a  position  to  act  cor- 
rectly, the  ends  of  their  stems,  when  being  moved  back  towards  the 
cylinder,  should  come  against  a  stop  or  stops  to  move  the  heads  or 
enlarged  ends  of  the  stems  to  the  bar  or  instrument  which  carries 
them ;  they  will  thus  be  brought  into  position  to  be  again  acted  on 
by  their  electro-magnets  so  soon  as  the  electro-magnets  have,  by 
attracting  their  armatures,  drawn  the  piston,  as  far  as  it  can  go,  in 
the  other  direction.     As  a  jiiston,  by  such  means,  cannot  with  con- 
venience be  caused  to  move  through  an  extended  length  of  space, 
the  cylinder  is  to  be  of  comparatively  large  diameter  to  its  length, 
and  at  either  end  it  is  to  have  passages  for  the  water  or  other  fluid 
(contained  in  the  cylinder)  to  pass  into  and  from  the  ends  of  another 
cylinder  of  less  diameter,  but  of  proportionably  greater  length,  in 
which  a  piston  also  works  ;  and  I  prefer  that  the  piston-rod  of  such 
second  cylinder  should  also  w^ork  through  stuffing-boxes  at  either 
end  of  that  cylinder;  such  piston-rod  communicating  the  power 


Intelligence  and  Miscellaneous  Articles.  543 

obtained  (by  the  means  above  described)  by  a  connecting-rod  and 
crank  from  one  end  of  the  piston-rod,  or  by  other  suitable  means  of 
communicating  power  from  a  piston,  may  be  employed.  From  the 
above  description  it  vriW.  be  understood  that  great  power  may  be  ob- 
tained from  a  series  of  electro-magnets,  each  attracting  its  keeper  or 
armature,  and  consequently  moving  the  piston  through  only  a  small 
space;  and  such  power  being  exerted  over  a  large  area  of  piston,  moving 
a  fluid  and  forcing  it  into  a  cylinder  of  smaller  diameter,  will  cause 
the  piston  of  that  second  cyhnder  to  be  moved  through  a  longer 
stroke  in  proportion  to  the  diiferent  capacities  of  the  cylinders,  and 
the  piston  of  the  second  cylinder  will  consequently  be  moved  at  a 
greater  speed  than  that  in  the  larger  cylinder,  and  the  pressure  per 
square  inch  on  the  smaller  piston  vdW  be  the  same  as  that  on  the 
greater  piston.  All  which  will  be  readily  understood  by  a  workman 
acquainted  with  the  pressure  of  fluids  put  in  motion  by  one  piston, 
and  caused  to  act  on  another ;  and  it  will  be  at  once  perceived  that 
the  action  will  be  the  reverse  of  that  in  Bramah's  Press,  wherein  the 
water  is  put  in  motion  by  the  power  used  acting  on  a  piston  or 
plunger  of  comparatively  small  diameter,  and  the  water  is  caused  to 
act  on  and  to  move  a  piston  of  much  larger  diameter.  Whereas,  in 
the  present  invention,  a  series  of  electro -magnets  are  caused  to  act 
in  succession  on  a  bar  or  instrument,  as  above  explained,  in  such 
manner  that  when  combined  with  a  comparatively  large  piston  the 
power  will,  by  driving  or  forcing  the  water  or  fluid  with  a  cyhnder 
of  less  diameter  and  of  greater  length,  cause  the  piston  therein  to  be 
moved  with  less  power,  but  with  greater  speed.  And  it  will  at  once 
be  understood  that  the  power  obtained  will  depend  on  the  effort 
each  magnet  is  capable  of  exerting ;  for  it  will  be  evident  that  the 
actual  force  which  is  kept  up  to  and  given  off  from  the  piston  in  the 
small  cylinder  will  be  equivalent  to  that  exerted  by  one  of  the 
magnets,  in  attracting  or  drawing  its  armature  through  a  compara- 
tively small  space. — Repertory  of  Patent  Inventions,  February  1852. 


ELECTRO-CHEMICAL  RESEARCHES   OX   THE   PROPERTIES  OF  ELEC- 
TRIFIED BODIES.       BY  MM.  FREMY  AND  BECQUEREL. 

For  several  years  the  attention  of  chemists  and  physicists  has  been 
directed  to  the  very  remarkable  modifications  which  certain  bodies 
present  when  submitted  to  the  action  of  a  moderate  temperature. 
We  know  that,  under  this  influence,  sulphur  and  phosphorus  acquire 
new  properties.  We  propose  to  investigate  whether  electricity,  like 
heat,  can  change  the  physical  and  chemical  properties  of  different 
bodies.  We  must  examine,  in  the  first  place,  into  the  singular 
effects  presented  by  oxygen  in  various  circumstances,  and  referred  to 
the  formation  of  what  has  been  called  o:one ;  this  body  appears  to  be 
produced  in  all  cases  in  which  oxygen  is  submitted  to  the  influence 
of  electricity. 

Without  wishing  to  cast  doubt  upon  the  sagacity  of  those  who 
have  examined  into  the  properties  of  ozone,  it  cannot  be  denied  that 
there  still  exists  great  uncertainty  in  the  minds  of  chemists  and  phi- 
losophers as  to  the  interpretation  of  the  phaenomena  observed ;  we 
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have  therefore  thought  that  it  was  importalit  to  submit  these  phae- 
nomena  to  new  experiments. 

We  will  confine  ourselves  here  to  reproducing  some  of  the  facts 
mentioned  in  the  memoir  which  we  have  the  honour  to  present  to 
the  Academy. 

1.  After  going  over  all  the  experiments  made  on  ozone,  mention- 
ing in  particular  the  important  researches  of  Schonbcin,  RIarignac 
and  De  la  Rive,  we  have  examined,  first  the  oxidizing  properties  of  the 
oxygen  procured  by  the  decomposition  of  water  by  the  galvanic  pile  ; 
the  result  of  these  researches  is  that  the  pile  cannot  be  employed  to 
determine  the  nature  of  ozone,  because  the  active  principle  is  found 
only  in  very  small  proportion  in  the  oxygen  of  the  pile.  We  have 
therefore  been  obliged  to  study  successively  all  the  methods  which 
can  be  employed  to  electrify  oxygen. 

2.  The  arc  which  is  formed  upon  the  interruption  of  the  voltaic 
circuit  does  not  appear  to  modify  the  oxygen  in  the  same  manner  as 
the  ordinary  spark,  because  the  elevation  of  temperature  which 
accompanies  it  probably  destroys  that  which  the  electricity  might 
produce ;  but  according  to  our  observations,  this  arc  may  determine 
the  combination  of  gases  amongst  themselves,  acting  thus  as  spongy 
platinum  and  as  electricity ;  under  its  influence  we  have  combined 
nitrogen  and  oxygen  directly,  to  form  nitric  acid,  nitrogen  and 
hydrogen  to  produce  ammonia,  and  sulphurous  acid  and  oxygen  to 
form  anhydrous  sulphuric  acid. 

3.  The  spark  proceeding  from  currents  of  induction,  and  produced 
by  means  of  the  ingenious  apparatus  lately  constructed  by  M. 
RuhmkorfF,  acts  like  the  spark  of  the  ordinary  machines,  and  has 
enabled  us  to  repeat,  without  fatigue,  all  the  experiments  made  with 
the  machine. 

4.  Pure  oxygen,  enclosed  in  glass  tubes  together  with  a  band 
of  starched  and  iodized  paper,  was  electrified  by  means  of  a  series 
of  sparks  striking  the  outer  surface  of  the  tube  ;  the  paper  began 
to  become  blue  after  the  passage  of  a  few  sparks.  This  coloriza- 
tion  depends  on  the  electrization  of  the  oxygen,  and  not  on  the  de- 
composition of  the  iodide ;  for  no  effect  takes  place  when  the  iodide 
is  placed  in  hydrogen  and  operated  on.  This  fact  is  so  much  the 
more  remarkable,  as  the  oxygen  is  electrified  without  the  interven- 
tion of  metallic  wires,  and  consequently  without  the  presence  of 
particles  transported  by  the  electric  spark. 

5.  Oxygen,  prepared  by  the  most  different  modes,  such  as  the 
calcination  of  the  oxides  of  manganese,  mercury  or  silver,  by  the  de- 
composition of  chlorate  of  potash,  or  of  water  by  means  of  the  pile, 
acquires  a  very  distinct  odour,  and  strongly  marked  oxidizing  pro- 
perties when  it  is  subjected  to  the  influence  of  electricity  ;  these 
properties  are  manifested  by  oxygen  as  pure  as  it  is  possible  to  ob- 
tain it.  The  oxygen  thus  electrified  loses  its  oxidizing  properties 
when  exposed  to  iodide  of  potassium,  but  it  regains  its  odour  and 
chemical  activity  when  again  electrified  ;  this  experiment  may  be  re- 
peated indefinitely  on  the  same  gas. 

All  these  facts  show  that  the  oxidizing  power  of  electrified  oxygen 
is  not  due  to  the  presence  of  a  foreign  body  contained  in  the  gas  : 
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the  following  experiments  were  directed  to  rendeiing  a  given  volume 
of  oxygen  entirely  absorbable  whilst  cold  by  mercury,  silver,  or  iodide 
of  potassium. 

6.  When  pure  and  dry  oxygen  is  enclosed  in  a  series  of  glass  tubes 
and  subjected  to  the  action  of  electric  sparks,  if  after  a  time  we  break 
one  of  the  extremities  of  these  tubes  to  ascertain  the  volume  of  gas 
which  has  become  immediately  absorbable  by  alkaline  iodide,  we 
shall  find  that  during  several  hours  the  modification  increases  in 
proportion  to  the  time  of  electrization,  and  that  afterwards  it  appears 
to  diminish,  probably  because  the  spark  destroys  that  which  at  first 
it  produces, 

7.  The  difficulties  presented  in  the  preceding  experiment  induced 
us  to  study  the  deportment  of  electrified  oxygen  with  certain  absorb- 
ing bodies  capable  of  immediately  seizing  the  modified  oxygen  and  of 
withdrawing  this  gas  from  the  decomposing  action  of  the  excess  of 
electricity  ;  we  therefore  passed  a  series  of  electric  sparks  into  small 
eudiometric  tubes  full  of  moist  oxygen,  and  placed  over  either  mer- 
cury or  a  solution  of  iodide  of  potassium,  or  containing  in  their  in- 
terior a  moistened  leaf  of  silver ;  we  then  saw  the  oxygen  become 
absorbed  in  a  regular  manner  b)-  the  action  of  the  electric  spark,  and 
in  many  experiments  obtained  a  complete  absorption. 

S.  Lastly,  to  get  rid  of  all  doubts  about  the  particular  activity  im- 
parted to  oxygen  by  the  electric  spark,  we  wished  to  verify  the  pre- 
ceding experiments  in  closed  tubes.  We  therefore  introduced  into 
tubes  filled  with  pure  oxygen  some  iodide  of  potassium  and  moist- 
ened silver.  We  submitted  these  tubes  for  several  days  to  the 
action  of  electricity  ;  the  spark,  which,  during  the  first  days  was  very 
brilliant,  became  paler  and  paler,  and  presently  almost  invisible.  At 
this  moment,  on  breaking  the  tubes  under  water,  we  saw  this  liquid 
rush  into  their  interior  and  fill  them  entirely,  thus  showing  that  a 
vacuum  had  been  produced,  and  consequently  that  the  oxygen  had 
become  completely  absorbable  without  heat,  loy  the  silver  and  iodide 
of  potassium.  We  must  add,  that,  to  render  these  experiments  de- 
cisive, we  had  previously  ascertained — 1st,  that  pure  water,  the  sur- 
face of  glass  and  the  platinum  wires  conducting  the  spark,  could  not 
absorb  oxygen;  2nd,  that  water  is  not  necessary  to  develope  the 
activit}^  of  oxygen,  but  to  cause  the  active  oxygen  to  react  upon 
metals  or  iodide  of  potassium ;  3rd,  that  the  electric  spark  does  not 
decompose  the  iodide  of  potassium. 

We  think  therefore  that  we  have  shown,  by  rigorous  experiments, 
that  oxygen,  under  the  influence  of  electricity,  can  become  com- 
pletely absorbable  in  the  cold  by  iodide  of  potassium  and  several 
metals,  such  as  mercury  and  silver. 

These  facts  confirm  the  last  researches  of  MM.  Schonbein,  Ma- 
rignac  and  De  la  Rive,  and  show  that  electricity,  in  acting  upon 
oxygen,  developes  properties  in  it  which  did  not  exist  before  its  in- 
fluence ;  we  propose  therefore  simply  to  give  the  name  of  electrified 
oxygen  to  the  gas,  which,  having  been  submitted  to  the  action  of 
electricity,  acquires  a  particular  state  of  chemical  activity,  and  to 
abandon  the  name  of  ozone,  which  expresses  the  idea  of  the  transfor- 
mation of  the  oxygen  into  a  new  body. — Comptes  Rendus,  March  15, 

JCKQ    p    399 

Phil  Mag.  S.  4.  No.  21.  Suppl.  Vol.  3.  2  N 


546  Intelligence  and  Miscellaneous  Articles. 

ON  THE  ALLOTROPY  OF  SELENIUM.       BY  M.  HITTORF. 

It  is  well  known  that  selenium  is  softened  by  heat,  becomes  semi- 
fluid at  212°,  and  melts  at  a  few  degrees  higher.  In  cooling,  it  be- 
comes viscous,  thickens  more  and  more,  like  wax,  and  then  solidifies 
into  a  reddish  mass,  with  a  shining  surface  and  a  conchoidal  and 
vitreous  fracture.  Berzelius  had  already  observed,  that  wlien  tlie 
cooling  takes  place  very  slowly,  the  selenium  acquires  a  reddish 
colour,  a  rough  surface,  and  a  dull  granular  fracture,  but  that  it  loses 
this  appearance  when  it  is  melted  again  and  cooled  rapidly. 

The  author,  having  attentively  studied  tiiese  phoenomena,  has 
found  that  they  are  due  to  the  existence  of  an  allotropic  modifica- 
tion of  selenium  analogous  to  that  presented  by  sulphur,  and  evi- 
denced by  the  fact  that  the  crystallized  selenium  melts  without  any 
previous  softening,  but  at  a  temperature  of  4'22°*6  F. 

When  the  substance  is  melted  and  the  temperature  raised,  for 
instance  to  428°,  and  left  to  cool  with  a  thermometer  immersed  in 
it,  the  temperature  is  seen  to  descend  gradually  without  the  ther- 
mometer becoming  stationary,  without  its  even  being  possible  to  ob- 
serve a  single  point  where  its  cooling  appears  to  slacken  until  it  has 
attained  the  temperature  of  the  medium.  At  the  same  time  the 
selenium  passes  through  all  degrees  of  viscosity  until  at  about  122° 
it  entirely  solidifies  into  a  resinous  mass.  In  these  circumstances 
the  substance  has  therefore  solidified  in  the  amorphous  state  without 
having  lost  its  latent  heat  of  fusion  ;  and  it  may  retain  it  indefinitely, 
for  it  persists  in  this  amorphous  state  at  the  ordinary  temperature. 
But  it  passes  into  the  crystalline  state  when  kept  for  some  time  at 
a  temperature  between  176°-4-22°,  and  it  then  parts  with  its  latent 
heat. 

Between  176*^  and  212°  the  transformation  requires  several  hours ; 
and  in  this  case  the  disengagement  of  heat  which  accompanies  it  is 
not  appreciable.  Between  257°  and  356°  it  is  very  rapid ;  and  if 
we  operate  upon  20  grms.  of  selenium,  which  are  heated  in  an  oil- 
bath,  a  thermometer  immersed  in  the  interior  of  the  substance,  after 
having  attained  the  temperature  of  the  bath,  will  rapidly  exceed  it, 
and  will  rise  from  70°  to  90°  above  it  for  some  minutes.  This 
phcfinomenon  is  still  more  striking  when  a  hot  air-bath  is  substituted 
for  an  oil-bath.  In  one  experiment,  in  which  the  bath  was  heated 
to  266°,  the  author  observed  the  thermometer,  after  having  risen 
slowly  to  257°,  ascend  suddenly  to  between  4-10°  and  419°. 

When  the  selenium  is  employed  in  the  state  of  powder,  its  meta- 
morphosis is  more  rapid.  In  this  case,  even  in  a  bath  heated  merely 
to  212°,  the  crystalline  state  may  be  developed  so  rapidly  that  the 
beat  rises  from  45°  to  52°  above  that  of  the  interior. 

These  phaenomena  are  exactly  similar  to  those  which  are  pre- 
sented by  sulphur.  When  this  substance  is  strongly  heated,  and  it  is 
then  suddenly  cooled,  it  is  converted  into  an  amorphous,  soft  and 
elastic  mass.  At  the  ordinary  temperature  it  passes  gradually,  but 
very  slowly,  from  this  amorphous  state  into  the  hard  and  crystalline 
state  in  which  it  is  ordinarily  met  with.  At  a  temperature  ap- 
proaching 212°,  it  passes  in  a  few  minutes  into  this  state;  and  it  is 
well  known  that  M.  Regnault  noticed  in  this  case  the  temperature 
of  the  soft  sulphur  rise  spontaneously  to  232°  in  a  chamber  heated 
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to  208°.  The  only  difference  which  exists  between  these  two  bodies 
is,  that  Mith  sulphur  the  ordinary  temperature  is  sufficiently  near 
that  at  which  the  change  of  state  takes  place  for  the  transformation 
to  be  gradually  effected  ;  whilst  in  tlie  case  of  selenium,  it  is  requi- 
site to  raise  it  to  a  more  elevated  temperature  in  order  to  cause  it 
to  pass  from  the  amorphous  into  the  crystalline  state. 

In  many  chemical  reactions  the  selenium  is  separated  from  its 
solutions  in  the  form  of  an  amorphous  red  powder.  It  is  obtained 
thus  by  precipitating  selenious  acid  by  sulphurous  acid,  by  the 
chlorides  of  tin,  zinc,  iron,  or  by  exposing  a  solution  of  hydroselenic 
acid  to  the  atmosphere,  or  by  diluting  witii  water  a  solution  of 
amorphous  or  crystallized  selenium  in  concentrated  sulphuric  acid. 
These  precipitates  have  only  to  be  exposed  to  the  action  of  the 
solar  rays  to  make  them  gradually  pass  into  the  crystalline  state. 

In  other  circumstances  selenium  may  be  precipitated  at  the  ordi- 
nary temperature  in  the  crystalline  state;  for  iustauce,  when  solu- 
tions of  seleniuret  of  potassium  or  ammonium  are  exposed  to  the  air. 

Selenium  exhibits  verj'  different  densities  in  its  two  allotropic 
modifications.  In  its  amorphous  state  the  specific  gravity  is  4"26- 
4*28,  whilst  in  the  crystalline  it  is  4'SO ;  its  conductibility  for  elec- 
tricity likewise  varies  considerably;  the  vitreous  selenium  insulates 
almost  perfectly,  whilst  the  crystalline  substance  is  a  very  excellent 
conductor.  In  this  state  it  exhibits  a  very  curious  pheenomenon, 
that  of  the  resistance  decreasing  in  proportion  as  the  temperature 
rises,  provided  its  point  of  fusion  be  not  attained. 

The  author  concludes  his  memoir  by  some  observations  on  the 
analogy  which  exists  between  the  phaenomena  of  allotropy  presented 
by  sulphur  and  selenium  and  that  which  ^I.  Schroetter  has  published 
regarding  phosphorus ;  he  thinks  tliat  the  latter  chemist  commits  a 
mistake  in  considering  the  red  phosphorus  as  amorphous ;  and 
although  we  have  not  yet  been  able  to  obtain  this  modification  in 
the  crystalline  state,  he  believes  that  it  is  the  state  of  phosphorus 
corresponding  to  the  crystalline  sulphur  and  selenium,  and  that  very 
probably  this  body,  in  passing  into  that  state,  likewise  disengages  a 
quantity  of  heat. — Poggendorff's  Annalen,  Ixxxiv.  p.  214'. 


METEOROLOGICAL  OBSERVATION.       BY  P.  J.  MARTIX. 

The  perpendicular  column  of  light  seen  in  the  horizon  at  sunset 
in  April,  as  described  by  your  Orkney  correspondent,  was  also  seen 
in  this  part  of  Sussex.  I  did  not  get  sight  of  it  more  than  once; 
because,  supposing  it  to  be  of  a  transient  and  local  character,  I  did  not 
look  for  it  again.  Here  it  was  singularly  vivid,  and  faded  gradually 
away,  or  rather  followed  the  sun,  as  described  by  your  friend  and 
the  correspondents  of  the  Times.  It  had  none  of  the  character  of 
the  zodiacal  light,  but  rather  looked  like  the  columnar  prolongation 
of  the  sun  described  by  oriental  travellers  as  frequent  in  the  east ; 
and  it  immediately  suggested  to  my  mind  (as  it  seems  to  have  done 
to  some  of  the  above-mentioned  observers)  the  columnar  light  in 
Martin's  "Exodus,"  the  "pillar  of  fire"  moving  before  the  Isracli- 
tish  host. 

PiUborough.  Jmie  4.  1852, 
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